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ABSTRACT' 

In  the  conduct  of  the  UpSTAGE  Experiment,  a  number  of  special 
manufacturing  processes  were  developed  to  meet  the  advanced 
state-of-the-art  performance  requirements  of  the  interceptor 
design.  Significant  technological  advances  in  materials  pro¬ 
cessing  were  made  to  enable  the  successful  manufacture  of  fuel 
tanks,  fuel  manifold  frames,  thick-film  electronic  assemblies, 
heat  shield  insulation,  internal  hot  gas  duct  insulation,  and 
solid  propellant  booster  motors.  A  description  of  these  process 
developments  emphasizes  the  methods  used  to  manufacture  these 
components  and  to  resolve  the  processing  problems  encountered. 


PREFACE 


This  report  is  submitted  by  the  McDonnell  Douglas  Astronautics  Company 
(MDAC)  in  response  to  Paragraph  5.7,  Technical  Requirements  (TR)  Docu¬ 
ment  Number  2114,  revised  issue  24  May  1968.  This  report  also  reflects 
the  title  and  outline  revisions  made  to  the  TR  by  Technical  Directives  (TD's) 
from  the  Advanced  Ballistic  Missile  Defense  Agency  (ABMDA). 

This-  report  is  organized  to  explain  the  special  manufacturing  and  fabrication 
processes  identified  with  the  UpSTAGE  Experiment  vehicle  subsystems 
design.  The  design  constraints  imposed  on  the  manufacture  of  subsystems 
and  components  were  based  on  analysis,  design  tradeoffs,  and  ground  testing, 
and  were  due  primarily  to  the  vibration,  shock,  and  acoustical  environments 
as  well  as  the  functional  dynamics  of  the  subsystem  or  components. 

Other  techrology  reports  provided  as  a  part  of  the  UpSTAGE  Experiment  are 
as  follows:; 


Vehicle  Aerodynamics  and  Thermodynamics 
Airborne  Guidance  and  Control 
EB  Control  System 

Airborne  and  Ground  Guidance  Electronics 
Guidance  Analysis  and  Simulation 
Vibration  Analysis  and  Testing 
Laser  Triad  Rate  Gyro 
JI  Control  System 
Final  Report 


MDC  G3229 
MDC  G3231 
MDC  G3232 
MDC  G3233 
MDC  G3234 
MDC  G3235 
MDC  G3236 
MDC  G3237 
MDC  G3263 
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GLOSSARY 


Aeroder  attack  angle 

Angle  of  impingement  of  hot  Aeroder  gas 
stream  on  specimen.  Angle  is  complement  of 
the  angle  away  from  normal  to  the  specimen 
surface. 

AP 

ammonium  perchlorate 

APT 

automatic  programmed  tool 

AWG 

American  Wiregage 

BCA 

butyl  cellusolve  acetate 

BMD 

ballistic  missile  defense 

C 

conduct,  or  print-and-dray  conductor 

CEU 

control  electronics  unit 

cfh 

cubic  feet  per  hour 

D 

dielectric,  or  print-and-dry  dielectric 

DSCP 

direct  current  straight  polarity 

EB 

external  burning 

EMCA 

Electro  Materials  Corporation  of  America 

EPSU 

electrical  power  distribution  and  sequencing 
unit 

ESL 

Electro  Science  Laboratories,  Inc.; 

F 

fire;  Fahrenheit 

faying 

mating;’  touching 

FEP 

r'.uorinated  ethylene  propylene  (a  type  of  Teflon) 

FPC 

forty- pound  charge 

FPP 

flatpack  pad 

GCU 

guidance  command  unit 

GN2 

gaseous  nitrogen 

GTA 

gas  tungsten  arc 

Hg 

mercury 

Hz 

Hertz 

IC 

integrated  circuit 

ID 

inner  diameter 

ipm 

inches  per  minute 

JI 

jet  interaction 
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lRAD 

MDAC  Independent  Research  and  Development 
Program 

kHz 

kilohertz 

LID 

leadless  inverted  device 

MCU 

machine  control  unit 

MEK 

methyl  ethyl  ketone  (a  solvent) 

MFE 

mold- filling  efficiency 

MOS 

metal  oxide  semiconductor 

N/C 

numerical  control 

NC 

nitrocellulose 

NDPA 

nitrod  iphenylamine 

NG 

nitrogylce  rin 

OD 

outer  diameter 

PC 

printed  circuit 

pc  f 

pound  per  cubic  foot 

P/N 

part  number 

P/S  ratio 

powder- to- solvent  ratio 

RT 

room  temperature 

RTV 

room  temperature  vulcanizing 

SCR 

silicon  controlled  rectifier 

see  / sec 

standard  cubic  centimeter  per  second 

TA 

tr  iacetin 

Thk 

thick 

Thor 

thorium 

T  PC 

ten- pound  charge 

UDM 

Universal  drafting  machine 

V 

fill  and  dry  via 

V 

volt 

vdc 

volts  direct  current 

via 

vertical  thick-film  circuit  conductor  connect¬ 
ing  circuit  elements  on  different  layers  of  a 
multilayer  circuit  board  (base) 

ft 

ohms 

Section  1 
INTRODUCTION 

The  purpose  of  the  UpSTAGE  Experiment  program  was  to  determine  feasible 
guidance  policies  consistent  with  terminal  defense  concepts  (simulated  engage¬ 
ments)  and  to  develop  within  this  context  the  required  interceptor  technology. 

The  baseline  UpSTAGE  Experiment  consists  of  a  two- stage  interceptor  vehicle 
(Figure  1-1)  and  a  ground  guidance  system  including  a  modified  Hercules 
missile-tracking  radar  and  a  SEL  System  86  computer.  The  interceptor  is 
a  high-performance  vehicle  whose  second  stage  has  an  advanced,  nonpropelleil 
lifting-body  shape.  The  fast  reactions  required  of  the  vehicle  are  provided  by 
two  types  of  control  mechanisms:  external  burning  (EB)  and  jet  interaction 
(JI).  The  EB  control  concept  uses  a  highly  pyrophoric  pentaborane  fuel 
metered  to  burn  near  the  outside  of  the  vehicle.  The  JI  concept,  similar  to 
an  attitude  control  device,  uses  exhaust  from  a  gas  generator  metered  to  the 
outside  of  the  vehicle.  The  attitude  of  the  vehicle  is  monitored  by  a  laser 
triad  rate  gyro  (LTRG),  a  strapdown  component.  The  booster  stage  includes 
a  high-performance  HiBEX-U  motor. 

The  program  included  five  flight  test  vehicles  flown  at  White  Sands 
Missile  Range  (WSMR),  New  Mexico.  Three  of  the  vehicles  were  designed 
with  EB  control  subsystems  and  tv.  with  JI. 

1 .  1  DESIGN  APPROACH 

Due  to  the  advanced  nature  of  the  experiment,  many  design  concepts  and 
manufacturing  and  fabricating  approaches  were  promoted  to  minimize  vehicle 
weight;  develop  new  electronic/missile  packaging  concepts;  ensure  survivabil¬ 
ity  in  the  flight  environment;  develop  fast- response,  fast- reacting  control 
system  components;  etc.  State-of-the-art  design  concepts  were  used  wherever 
possible,  but  the  severity  of  the  flight  environment  introduced  new  techniques 
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in  design  and  manufacturing  for  survivability.  Severe  vibration,  shock,  and 
acoustic  environments  established  new  requirements  for  electronics  packaging 
and  wire-bundling  techniques.  The  electronic  packaging  concepts  were 
enhanced  by  a  thick- film  approach.  The  EB  fuel  manifold  machining  and 
welding,  bond  and  insulation  development  for  warm  gas  and  external  applica¬ 
tion,  and  fuel  tank  processing  were  other  areas  of  design  implementation 
affected  by  the  flight  environment. 

1.2  REPORT  CONTENT 

This  report  describes  the  development  of  several  special  manufacturing  and 
processing  techniques  which  were  used  to  produce  components  of  the  UpSTAGE 
vehicles.  The  design  and  performance  aspects  of  the  components  and  sub¬ 
systems  involved  are  described  briefly  where  such  information  is  need  to 
understand  the  process  requirements,  constraints,  configuration,  etc. 


Section  2 
SUMMARY 

This  section  provides  an  overview  of  the  contents  of  this  report.  Table  2-1 
summarizes  significant  advances  in  manufacturing  process  technologies  and 
lists  the  sections  of  this  report  containing  detailed  descriptions  of  each 
development. 

2.  1  FUEL  TANK  PROCESSING 

Manufacture  of  the  pentaborane  fuel  tank  assembly  presented  some  difficult 
problems.  The  manufacturing  procedures  involved  in  shear- forming  (flo- 
turning);  heat  treating;  machining;  welding;  nondestructive  testing;  and  bonding 
of  the  maraging- steel  barrel,  aluminum  liner  assembly,  and  the  maraging- 
steel /aluminum  piston  assembly  are  outlined  in  Section  3.  Significant  develop¬ 
ment  problems  are  also  discussed.  Material  selection,  fuel  compatibility, 
and  other  design  considerations  appear  in  Reference  7-1. 

Maraging  steel  in  the  annealed  condition  has  excellent  cold- forming  charac¬ 
teristics;  cold  working  does,  however,  induce  residual  stresses  that  are 
relieved  in  subsequent  machining  operations.  The  limitations  of  the  equip¬ 
ment  available  for  shear- forming  the  maraging- steel  barrels  made  necessary 
additional  heat-treating,  straightening,  and  grinding  to  meet  the  dimensional 
and  configuration  requirements  of  the  parts. 

The  fuel  tank  barrel  and  piston  were  lined  on  the  inside  surface  with  aluminum 
to  prevent  contact  between  the  pentaborane  fuel  and  the  managing- steel  tank. 
The  aluminum  liners  were  bonded  with  a  flexible  epoxy  that  could  withstand 
the  loads  during  tank  operation.  The  thin  wall  of  the  aluminum  liner,  together 
with  the  close  dimensional  tolerances  (±0.001  inch)  and  the  microfinish,  made 
the  liner  a  difficult  part  to  manufacture.  Shear- forming,  welding,  machining, 
bonding,  and  inspection  created  problems  that  required  development  time. 
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Table  2-  1 

SUMMARY  OF  UpSTAGE  MANUFACTURING  PROCESS  ADVANCES 


UpSTAGE  Application 

Significant  Advance*  in 

9tate  of  the  Art 

Applicable 

Section* 

Fool  Tank 

Fabrication  of  thin  aluminum  tank  linera 

3. 1.2,3. 4 

Bonding  thin  rubber  ineulatton  liner* 
to  concave  aurfacee 

3.5 

Bonding  thin  aluminum  linera  into 
alender  cylindrical  tank* 

3.6 

ln-proceaa  thlckneaa  inapection  of 
thin  cylindrical  ahella 

3.8. 1 

Nondeatructive  inapection  of  adheaiva  bond* 
between  two  thin  cylindrical  metal  ahella 

3.8.2 

Foal  Manifold 

Fabrication  of  elliptical  forging*  with 

low  roaidual  atreaaea 

4.3 

Welding  longitudinal  eeam*  in  a  mall- 
diameter,  cloaed  aluminum  duct* 

4. 1,4.  2, 4. 4. 

4.5 

Nondeatructive  inapection  of  weld  drop- 
through  in  email-  diameter  cloaed  duct* 

4.6.  1 

Electronic  •  Aaaaniblloa 

Computer  lied  production  of  multilayer 
thick- film  circuit  artwork 

5.3 

Fabrication  of  4-  by  6-  by  0. 025- Inch  two- aided 
multilayer  thick- film  circuit  bare* 

5.  1,5.  2,  5.4 

Fabrication  of  aolderable  thick-  Aim  chip 
reaiatora 

5.  1,5.  2,  5.  5 

Thermoconductlve  bonding  of  aaaemblie*  to 
wlthatand  reflow- aolderlng 

5.1,  5.2,  5.6. 1, 

5.6.2 

Fabrication  of  multilayer  printed-circuit  board* 
with  a  flexible  aection  and  plated  through-hole* 

5.6.2 

Heat  Shield 

Fabrication  of  thin  heat  ahleld*  from  preimpreg¬ 
nated  hlgh-allica/phenolic  cloth  by  almultanaou* 
curing  of  adhealve  and  phenolic  realn  ablator 

6. 1,  6.  2.  1  through 

6.  2.  3,  6.  3  through 
6.5 

Internal  Hot-  Gae  Duct 
Ineulatton 

Bonding  molded  ailicone  rubber  inaulatlon  into 
curved,  amall-dlamatar  metal  duct* 

7. 1.  1,7.2.  1,  7.3 

Caatlng  void- free  ailicone  rubber  Inaulatlon 
into  aluminum  and  titanium  duct* 

7. 1.2,  7.  2.2,  7.4 

Fabrication,  bonding,  and  nondeatructive 

Inapection  of  amall-diametar,  45-deg  ahingle 
angle,  quarta/phenollc  hot-gaa  duct  liner* 

7. 1.2,  7.  2. 2,  7.  5.1 
through  7.  5.  3 

Fabrication  of  knitted  quarta/pheaolic  contlnuou* 
liner*  for  interaecting  duct* 

7.  2. 2,  7.  5. 4 

Fabrication  of  flat-wrapped  and  chevron- layup 
quarta /phenolic  loaale  exit  cone* 

7.  1.2,  7.  2.  2,  7.  6 

Karculee  HiBXX-U  Motor 

Full-acale  FDN  propellant  proceaaing  with  liquid- 
carrier  heptan* 

8 
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The  piston  assembly  was  manufactured  with  only  minor  difficulties,  such  as 
fitting  the  mating  parts  and  bonding  the  silicone  rubber  boot  inside  the  piston. 

2.2  FUEL  MANIFOLD  PROCESSING 

The  EB  fuel- manifold  frames  were  required  to  conform  to  the  elliptical 
cross-sectional  shape  of  the  aft  control  section  of  the  vehicle  and  were  made 
from  two  2014- T452  aluminum  ring  forgings.  A  discussion  of  this  process  is 
presented  in  Section  4.  A  numerically  controlled  (N/C)  gas  tungsten  arc  (GTA) 
welding  procedure  was  developed  using  three  axes  of  an  eight-axis  N/C  weld¬ 
ing  machine.  The  resultant  welds  were  free  of  porosity  and  oxide  inclusions 
and,  when  aged,  resulted  in  guaranteed  tensile  yield  strengths  greater  than 
28,000  psi,  even  after  being  repaired  twice.  The  success  of  the  welding 
technique  was  due  to  the  combined  use  of  a  10- Hz  pulsating  welding  current, 
in-process  rotation  of  the  weld  wire  feed  about  the  tungsten  electrode,  and  an 
interference  fit  of  the  two  forgings.  A  high  incidence  of  lack- of- penetration 
defects  occurred  during  this  procedure,  but  a  satisfactory  weld  repair  tech¬ 
nique  was  employed  to  correct  the  discrepancy.  Cracking  that  occurred  dur¬ 
ing  final  machining  (in  a  region  not  near  the  welds)  was  eliminated  by  reducing 
the  stresses  imposed  during  machining. 

2.3  ELECTRONICS  PROCESSING 

The  state  of  the  art  in  thick- film  technology,  artwork  generation  for  electronic 
circuits,  and  hybrid  electronic  assembly  was  advanced  in  the  course  of  com¬ 
pleting  the  UpSTAGE  Experiment;  these  subjects  are  discussed  in  Section  5. 

The  packaging  design  had  to  meet  stringent  space,  weight,  and  environmental 
requirements  imposed  on  the  electronics  system.  Thick- film  assemblies 
using  screen- printed  multilayer  interconnections  (vias)  were  chosen  to  meet 
this  need.  Processing  problems  encountered  were  primarily  due  to  the  large 
size  and  complexity  of  the  thick- film  circuits.  Previous  MDAC  efforts  pro¬ 
duced  2-  by  2- inch  one-sided  multilayer  bases  containing  three  conductor 
layers.  For  UpSTAGE,  4-  by  6- inch,  two-sided  bases  were  required  with  six 
conductor  layers  to  meet  electronic  packaging  requirements  (see  Reference  5-1). 

The  size  of  the  thick- film  substrate  (4  by  6  inches)  and  complexity  of  the 
circuit  precluded  the  conventional  method  (20-times- scale  photoreduction)  of 
making  artwork.  A  system  was  developed  for  making  artwork  which  utilized 
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the  speed  and  accuracy  of  computers  and  N/C  drafting  equipment.  The 
approach  was  to  treat  each  layer  as  a  single  entity,  breaking  it  down  into 
manageable  parts  and  assembling  these  parts  into  their  respective  layers. 

Each  part  was  stored  on  punched  tape.  Many  tapes  were  used  on  one  piece 
of  artwork.  As  a  result,  the  accuracy  and  correctness  of  artwork  on  first 
release  exceeded  98  percent. 

The  multilayer  fabrication  process  generally  followed  standard  thick-film 
procedures,  but  several  problems  were  encountered  in  scaling  the  process  to 
the  4-  by  6- inch  substrate.  One  example  was  printing  circuitry  on  both  sides 
of  the  substrate  to  minimize  interlayer  capacitance.  Initially,  the  thick- film 
multilayer  fabrication  yield  was  less  than  30  percent,  but  improvements 
increased  yield  to  95  percent  with  a  corresponding  decrease  in  fabrication 
time. 

Before  bonding  the  thick- film  substrate  to  the  heat  sink,  the  substrate  circuitry 
was  solder-coated  by  a  solder-dip  operation.  It  was  necessary  to  redip  the 
substrate  in  the  solder  pot  in  order  to  get  a  uniform  solder  coat.  However, 
with  repeated  dip  operations  or  repeated  hand- soldering  operations,  solder 
leaching  (conductive  ink  dissolving  in  solder)  occurred.  Process  changes 
were  developed  which  resulted  in  an  adequate  solder  coat  with  two  solder- dip 
operations.  Components  could  be  hand- soldered  onto  the  substrate  circuitry, 
but  unsoldering  of  a  lead  often  resulted  in  thick- film  conductor  pad  leaching. 
Several  approaches  were  taken  to  solve  this  problem  including  various  coat¬ 
ings,  pad/via  geometry  changes,  multiple  solder- dipping,  and  top-layer 
printing  changes.  The  approach  selected,  a  combination  of  controlled  dipping, 
smaller  vias  and  limited  manual  touchup,  was  the  most  effective  practical 
solution  to  the  problem. 

Methods  were  developed  for  bonding  the  tinned  thick- film  multilayer  base  to  a 
molybdenum  heat  sink,  and  then  attaching  discrete  components  by  bonding  and 
by  reflow-  and  hand- soldering.  Molybdenum  was  used  to  minimize  forces 
generated  by  differences  in  thermal  expansion  while  maximizing  thermal 
conductivity  and  rigidity.  An  acceptable  thermal  transfer  was  obtained 
between  the  heat  sink  and  thick-film  substrate  through  use  of  a  thermoconduc- 
tive  silicone  adhesive. 
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Electrical  assembly  techniques  of  several  types  were  developed.  Soldering 
attachment  of  microcircuits,  flexible- rigid  multilayer  board  fabrication, 
conformal  coating,  foaming,  static  charge  control,  and  repair  and  replace¬ 
ment  of  modules  and  components  presented  a  number  of  processing  problems 
that  were  solved. 

2.4  EXTERNAL  HEAT  SHIELD  INSULATION 

A  process  (described  in  Section  6)  was  developed  to  cure  and  bond  a  0.  050- 
inch- thick  high- silica /phenolic  forward  heat  shield  to  the  structural  sections 
with  epoxy- phenolic  film  adhesive  by  a  one- step  autoclave  pressure  cure. 

Joint  techniques  were  also  examined  and  tested.  Because  of  differences  in 
thermal  expansion  characteristics  of  the  composite  and  metallic  substructure, 
the  process  required  a  slow,  controlled- rate  cooldown  under  pressure.  Dif¬ 
ficulties  in  sealing  the  substructure  were  encountered  due  to  interference  of 
supporting  internal  ribs  and  sealant  contamination  of  bonding  surfaces.  These 
difficulties  were  overcome  by  capping  the  open  ends  of  the  structure  and 
overbagging  so  that  internal  sealant  was  not  required.  Problems  of  wrinkling 
and  unbonds  were  solved. 

Special  weaving  techniques  were  developed  to  provide  a  0.  1 00- inch- thick, 
high- silica  cloth  for  the  aft  control  section  heat  shield.  No  difficulties  were 
encountered  in  using  this  cloth  as  the  base  reinforcement  for  the  pre¬ 
impregnated,  high- silica /phenolic  composite. 

Booster  fin  insulation,  0.  050- inch- thick  high-  silica/phenolic,  was  cured  and 
bonded  by  the  basic  process  developed  for  the  forward  and  aft  second- stage 
heat  shields. 

A  transfer- molding  process  was  developed  for  the  fabrication  of  EB  injector 
finlets  from  high- silica /phenolic  and  quartz /phenolic  molding  chips.  A  mold 
sticking  problem  was  resolved  by  introducing  zinc  stearate  powder  with  the 
molding  compound  as  a  premix.  Finlets  for  evaluation  tests  were  also  fabri¬ 
cated  using  carbon/phenolic  material.  The  developed  process  demonstrated 
repeatability  and  tight  tolerance  control. 
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External  protection  of  other  surfaces  of  the  UpSTAGE  vehicle  was  provided 
by  conventional  materials  such  as  adhesive- bonded  cork  and  sprayed-epoxy 
ablative  insulation. 


2.  5  INTERNAL  HOT- GAS  DUCT  INSULATION 

Internal  insulations  for  EB  and  JI  ducting  are  summarized  from  Section  7. 

2.  5.  1  EB  Control  Subsystem 

Several  types  cf  moldable  silicone  rubber  were  evaluated  for  thermal  and 
physical  characteristics.  Tubular  liners  were  molded  to  close  OD  and  wall 
thickness  tolerances,  precluding  the  use  of  extruded  tubing  which  could  not 
be  held  to  close  tolerances.  Even  by  molding  the  insulation,  it  was  difficult 
to  maintain  dimensions  within  specified  tolerances.  It  was  necessary  to 
broaden  the  tolerance  allowed  on  the  wall  thickness.  Acceptable  liners  were 
produced  to  revised  dimensional  tolerances  and  successfully  bonded  to  the 
interior  of  the  manifold. 

The  metal  surfaces  of  the  EB  crossover  tube  and  the  EB  vent  tubes  were 
prepared  for  bonding  by  wet-abrasive  cleaning  of  the  Inconel  718  surface, 
descaling,  degreasing,  and  priming,  in  this  sequence.  The  rubber  liner  was 
degreased  and  primed.  The  liner  was  inserted  in  the  tube  and  bonded  in 
place  with  a  two-part  silicone  adhesive.  Assembly  was  accomplished  in  a 
vacuum  chamber  to  minimize  bonding  voids.  Nondestructive  inspection 
techniques  were  unsuccessful  with  respect  to  the  bond  between  the  molded 
rubber  liner  and  the  manifold  system.  No  method  was  successful  in  detecting 
small  areas  of  unbond  or  adhesive  voids.  A  resonance- loading  instrument 
was  able  to  distinguish  gross  areas  of  unbond,  but  the  size  cf  the  detectable 
unbond  areas  was  so  great  that  the  inspection  capability  was  inadequate. 

2.  5.  2  JI  Control  Subsystem 

A  method  was  developed  for  casting  on  the  interior  walls  of  the  JI  manifold 
a  dense  and  void- free  room-temperature-vulcanizing  (RTV)  silicone- rubber 
liner  coating.  However,  poor  performance  of  the  rubber  in  hot- firing 
functional  tests  led  to  its  replacement  by  quartz/phenolic. 
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A  process  was  selected  to  provide  a  shallow-angle  (10  deg),  quartz /phenolic, 
tape-wrapped  cylinder  using  a  flat  overwrap  to  achieve  final  diameter. 

Bt  r.ausc  of  the  diameter  limitations  for  the  10-deg  shingle- angle  wrap 
(inherent  in  the  layup  technique)  and  poor  test  performance  at  90-deg  inter¬ 
section  points,  a  second  process  was  developed  using  a  45- deg-oriented 
"dinked"  (precut)  preform  made  from  flat  washers  formed  to  a  conical  shape 
and  subsequently  cured  in  a  press.  Methods  were  developed  to  post-bond 
these  liners  to  the  required  metal  components  by  vacuum  and  pressure  injec¬ 
tion  techniques.  Neutron  radiography  was  found  to  be  an  effective  nondes¬ 
tructive  bond  inspection  technique.  Exploratory  work  proved  the  feasibility 
of  fabricating  continuous  liners  for  intersecting  ducts  to  overcome  intersec¬ 
tion  joint  problems.  Quartz- phenolic  "socks"  were  knitted  from  yarn, 
impregnated  with  phenolic  resin,  and  bonded  and  cured  in  metal  ducts. 

A  successful  flat-wrap  technique  was  developed  to  provide  insulation  and 
erosion  protection  for  the  nozzle  assembly  as  well  as  to  meet  structural 
requirements.  A  second  technique  was  also  developed  to  fabricate  a  30-deg- 
angle-oriented  exit  portion  composite,  subsequently  overwrapped  w:th  flat 
wrap  to  achieve  the  required  diameter  in  both  the  titanium  portion  and  exit 
portion  of  the  assembly. 

2.6  HiBEX-U  PROPELLANT  PROCESSING 

As  subcontractor  to  MDAC  on  the  UpSTAGE  program,  Hercules,  Inc.  ,  provided 
an  ARPA-deve loped  HiBEX-U  booster  motor.  The  motor  was  a  single,  per¬ 
forated,  11-point  star  grain  design  made  from  FDN-80  composite  modified 
double-base  propellant.  For  the  UpSTAGE  Experiment,  several  design  mod¬ 
ifications  were  incorporated.  The  nozzle  was  redesigned  to  reduce  weight 
by  eliminating  the  TVC  and  its  mounting  pads.  FDN-80  propellant  was  pro¬ 
cessed  with  an  inert  carrier  to  reduce  electrostatic  hazards  (refer  to 
Section  8). 

The  FDN  propellant  was  processed  with  heptane  for  full-scale  HiBEX-U 
application  in  the  following  sequence: 

A.  The  propellant  ingredients  (ammonium  perchlorate,  aluminum  powder, 
zirconium  staples,  nitrocellulose,  nitroglycerin,  resorcinol,  and 
2-nitrodiphenylamine)  were  prepared,  mixed,  extruded,  and  cut  into 
"green"  powder. 
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B.  The  green  powder  in  heptane  was  tumbled,  dried,  shaped,  screened, 
and  blended  into  finished  casting  powder  ready  for  motor  loading. 

C.  The  casting  powder  in  heptane  was  loaded  into  a  prepared  motor  case 
while  V.eing  vibrated,  cast,  and  cured. 

In  order  to  reduce  the  hazards  inherent  in  propellant  powder- handling,  an 
inert  liquid  carrier  (n-heptane)  was  used  in  the  propellant  manufacturing 
process.  While  the  heptane  did  not  affect  the  propellant  burning  rate,  the 
mechanical  properties  of  the  propellant  were  slightly  altered-  that  is,  higher 
strength  and  modulus  at  nominal  powder- to- solvent  (P/S)  ratio  (70/30)  were 
obtained,  but  elongation  was  lower.  In  general,  as  the  nitrocellulose /total- 
plasticizi  r  (nitroglycerin  and  triacetin)  ratio  was  increased,  the  propellant 
moua’as  and  tensile  strength  increased  and  the  elongation  decreased. 

The  heptane  process  also  had  no  effect  on  ammonium  perchlorate  particle 
size  or  zirconium  staple  dimensions. 

Mold- filling  efficiency  (MFE)  is  the  ratio  of  density  of  casting  powder  loaded 
into  a  full-scale  motor  case  compared  to  the  densit/  of  powder  from  a  stan¬ 
dardized  small-scale  test  mold  filled  by  gravity- screen  loading.  The  MFE  of 
the  original  HiBEX  was  increased  by  4  percent  because  low-frequency  vibra¬ 
tions  introduced  into  the  HiBEX- U  motor- loading  sequence  helped  pack  the 
motor  more  efficiently. 

The  mold-loading  set  of  conditions  within  the  demonstrated  extremes  produced 
a  motor  with  structural  capabilities  better  than  those  of  the  original  HiBEX 
motor.  The  data  at  the  P/S  ratio  extremes  indicated  that  the  HiBEX  motor 
margin  of  safety  was  in  excess  of  0.  2  at  the  critical  propellant  grain  design 
area  (forward  groove). 

The  case-bond  system  for  FDN-80  propellant  grain  consisted  of  bimodal 
casting- powder  granules  in  a  motor  case.  Embedment  was  accomplished  by 
applying  i?sin  to  the  inside  surface  of  the  case  and  applying  large  and  small 
powder  granules  whici.  were  later  cured.  Case-bond  embedment  layers  were 
successfully  applied  to  all  HiBEX-U  motors. 
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Section  3 

FUEL  TANK  PROCESSING 


3.1  REQUIREMENTS 

The  fuel  tank  (Figure  3-1)  consists  of  a  flo- turned  maraging  steel  barrel 
with  an  aluminum  liner  on  the  fuel  side  (to  prevent  contact  of  the  pentaborane 
fuel  with  the  maraging  steel)  and  a  maraging  steel  piston  with  an  aluminum 
cover  on  the  pentaborane  fuel  side  and  a  silicone  rubber  insulation  liner  on 
the  hot- gas  side.  A  room-temperature  adhesive-bonding  process  was  needed 
to  prevent  thermal  stresses.  Dimensional  requirements  on  detail  parts  and 
assemblies  were  stringent  for  functional  reliability. 

3.1.1  Barrel  Requirements 

After  forming,  machining,  and  heat  treatment,  the  250-grade  maraging  steel 
barrel  (Figure  3-1)  was  4.  7  inches  in  outer  diameter  by  32.  5  inches  long 
with  a  varying  wall  thickness  of  0.  057,  0.  062,  and  0.  075  inch.  The  barrel 
had  one  open  end.  The  other  >nd  was  ported  and  hemispherical.  The  hemi¬ 
spherical  end  had  a  neck  1.  7  inches  long  with  a  2-degree  tapered  opening. 

The  neck  exterior  had  a  machined  hemispherical  surface  and  threaded  area. 

The  open  end  of  the  barrel  was  4.  625/4,  627  inches  in  diameter  for  0.  5  inch 
with  a  4.  7-inch-diameter  thread,  1-inch  long.  The  internal  bore  was 
4,  560/ 4.  562  inches  in  diameter  to  4.  3  inches  from  the  open  end  and  tapered 
to  4.  542/ 4.  544  inch  diameter  for  5.  5  inches.  Barrels  were  flo-turned  with 
a  45-  to  65-percent  cumulative  reduction  in  thickness,  prior  to  annealing. 
Annealing  was  performed  after  the  third  and  fourth  flo- turn  passes. 

3.1.2  Liner  Requirements 

The  6061 -T6  aluminum  liner  fitted  inside  the  maraging  steel  barr.l  and 
lipped  over  the  open  end  of  the  barrel  (Figure  3-2).  The  liner  surface  had  a 
16-microinch  finish  inside  and  a  32-microinch  finish  on  the  outside.  A  burst 
diaphragm/ diffuser  assembly  was  electron-beam-welded  to  a  1.2-inch-diameter 
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opening  in  the  hemispherical  end  of  the  Lner.  A  lip  formed  on  the  open  end 
had  a  0.  035 -inch  gap  to  accommodate  the  end  of  the  barrel.  The  liner  was 
shear-formed  from  6061  aluminum  and  heat-treated  to  the  T6  condition. 

After  bonding  of  the  liner/ diffuser  assembly  into  the  barrel,  an  aluminum 
nut  was  threaded  over  the  barrel  and  gas-tungsten-arc  (GTA)-welded  to  the 
diffuser  end. 

3.1.3  Piston  Requirements 

The  piston  (Figure  3-3)  was  made  from  250-grade  maraging  steel  and 
required  a  hemispherical  end.  An  aluminum  cover  to  fit  on  the  outside  of 
the  piston  and  bonded  silicone  rubber  insulation  (boot)  on  the  inside  protected 
the  piston.  The  piston  assembly  was  installed  inside  the  barrel  and  liner 
assembly. 

3.  2  APPROACH  AND  CONSTRAINTS 

A  Lodge  and  Shipley  Flo-Turn  spin  lathe  was  used  to  flo-turn  the  maraging 
steel  barrel  and  aluminum  liner.  A  special  machine  attachment  was  designed 
and  fabricated  to  fit  the  lathe,  as  shown  in  Figure  3-4. 

A  special  tail- stock  adapter  and  guide  pins  were  designed  and  fabricated  to 
support  and  align  the  mandrel  and  part.  Special  rollers  made  of  air¬ 
hardening  tool  steel  were  designed  and  fabricated.  Figure  3-5  shows  the 
adapter,  rollers,  and  mandrel. 

The  equipment  for  shear- forming  maraging  steel  had  limitations  due  to  the 
size  and  configuration  of  the  barrel.  Because  of  these  limitations,  it  was 
not  possible  to  shear- form  the  part  to  net  inside  dimensions.  The  part  would 
not  form  closely  enough  to  the  mandrel  during  the  shear-forming  operation 
to  hold  the  required  inside  dimensions.  The  deflection  of  the  rollers  made 
it  difficult  to  control  the  percentage  of  reduction;  this  caused  eccentricity, 
"banana"  and  "bell-mouthing"  effects,  and  a  variation  in  wall  thickness.  It 
was  therefore  necessary  to  veduce  the  diameter  of  the  steel  preform  and  the 
flo-turn  mandrel  and  increase  the  outside  diameter  of  the  preform  to  permit 
subsequent  grinding  to  achieve  final  dimensions. 
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ALUMINUM  COVER 


STEEL  PISTON 


Figure  3-3.  EB  Futl-Tank  Piston  AsremUy,  Showing  insulation  Thtefciwts  (in  Inchw) 


3.3  BARREL  PROCESSING 

A  study  was  made  to  determine  the  configuration  needed  for  the  maraging 
steel  preform  blanks.  Sufficient  wall  thickness  was  necessary  to  obtain 
the  reductions  required  and  to  obtain  the  final  length.  Since  the  inside 
of  the  hemispherical  end  could  not  be  machined  later,  it  was  necessary 
to  machine  the  inside  of  the  closed  end  of  the  preform  to  net  part 
dimensions.  A  diameter  was  machined  to  fit  the  tail-stock  adapter  of  the 
Flo- Turn  machine.  Also,  a  close- tolerance  hole  was  machined  in  the 
closed  end  of  the  blank  to  fit  the  tail-stock  alignment  pin.  A  starting  surface 
was  machined  at  the  tangent  point  of  the  spherical  radius  to  allow  the  forming 
roller  to  start  forming  slightly  ahead  of  the  tangent  point.  Figure  3-6  shows 
the  preform  dimensions  and  Figure  3-7  shows  the  evolution  of  preform  to 
postform  and  then  to  machined- barrel  configurations. 

3.  3.  1  Barrel  Manufacturing  Sequence 

The  sequence  for  barrel  processing  is  summarized  below: 

A.  Lubricate  and  place  preform  blank  on  mandrel. 

B.  Set  Flo-Turn  machine  to  300  rpm,  6-inch  feed  per  minute. 

C.  Set  rollers  to  approximately  50  percent  reduction.  Use  0.  37-inch 
radius,  20-deg  top  roller  and  1.0-inch  radius,  30-deg  bottom  roller. 

D.  Shear  form  pass  1  and  pass  2.  Use  feed  rate  of  6.0  inches  per 
minute  for  pass  1  and  9.0  inches  per  minute  for  pass  2. 


Figure  3-6.  Barrel  Preform 
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E.  Change  bottom  roller  to  0.37-inch  ra  'lus,  30  deg,  and  shear -form 
pass  3.  Use  feed  rate  of  12  inches  per  minute. 

F.  Solution  anneal  for  one  hour  at  1,  5506F. 

G.  Use  0.37-inch  radius,  30-deg  rollers  top  and  bottom.  Shear-form 
pass  4.  Use  feed  rate  of  12.  0  inches  per  minute. 

H.  Solution- anneal  for  1  hour  at  1,  550° F. 

I.  Port  one  end. 

J.  Weld  cap  to  cover  open  end. 

K.  Hydro- size. 

L>.  Remove  cap. 

M.  Grind  inside  diameter  .o  net  part  dimensions.  Blend  spherical 
radius. 

N.  Grind  outside  dir  meter  to  clean  up. 

O.  Set  up  on  lathe  fixture  and  finish  machine  barrel  to  final  dimensions. 

P.  Age-harden  4  hours  at  900°  F. 

Q.  Apply  corrosion-protective  finish. 


3.3.2  Shear  Forming 

From  trial  experiments,  shearing- forming  parameters  were  developed. 
Final  parameters  are  listed  in  Table  3-1. 

3.3.3  Straightening 

A  straightening  operation  was  added  which  consisted  of  welding  a  m.iraging 
steel  cap  to  the  open  end  of  the  barrel  and  placing  the  welded  barrel  in  a 
specially  designed  cylinder.  The  barrel  was  then  subjected  to  12,  000-psig 
hydraulic  pressure  to  improve  the  out-  of-  round- and- straightness  condition 
for  the  grinding  operation.  The  welded  cap  and  barrel  material  adjacent  to 
the  weld  were  subsequently  machined  off. 

3.3.4  Grinding 

The  inside  diameter  of  the  barrel  was  ground  to  final  dimensions,  blending 
the  spherical  radius  of  the  closed  end.  Flat  surfaces  were  ground  on  the 
outside  diameter  to  support  the  barrel  during  finish  machining. 
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Table  3-1 

SHEAR- FORM  PARAMETERS  FOR  MARAGING  STEEL  BARREL 
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3.  3.  5  Final  Mo  chining 

The  barrel  was  placed  on  a  lathe  mandrel.  It  was  then  finish-machined. 

A  Freon  spray  coolant  was  used.  Since  the  diameter  of  the  mandrel  was 
smaller  than  the  diameter  of  the  part  to  allow  removal,  perfect  contact 
between  mandrel  and  barrel  was  impossible  and  some  variation  in  wall 
thickness  resulted.  Heat-resistant  grease  and  light  tool  cuts  were  used 
to  alleviate  this  problem  and  eliminate  the  necessity  of  making  an 
expandable- type  mandrel. 

3.4  LINER  PROCESSING 

A  steel  mandrel  was  designed  and  fabricated  to  fit  on  the  head  stock  of  the 
Lodge  and  Shipley  Flo-Turn  machine.  The  mandrel  was  made  to  the  minimum 
inside  diameter  of  the  aluminum  liner.  The  end  of  the  mandrel  was  made  to 
fit  the  inside  spherical  radius  of  the  liner.  The  hemispherical  end  cap  of  the 
mandrel  was  removable  and  was  used  to  pull  the  part  off  the  mandrel. 

A  special  pin  with  a  key  slot  was  made  to  fit  the  tail  stock  adapter  of  the 
Flo-Turn  machine.  The  pin  and  a  key  were  inserted  into  the  aluminum 
preform  to  prevent  the  preform  from  turning  during  the  first  three 
flo-turn  operations. 

Aluminum  preforms  (6061-0)  were  designed  and  made.  Figure  i-8  shows 
the  preform  dimensions.  A  starting  groove  was  machined  on  the  closed  end, 
coinciding  with  the  tangent  point  of  the  inside  spherical  radius.  New  starting 
grooves  were  machined  before  each  subsequent  shear-form  pass,  as  shown 
in  Figure  3-9 . 

3.4.  1  Liner  Manufacturing  Sequence 

The  sequence  for  liner  processing  is  summarized  as  follows:. 

A.  Lubricate  preform  and  place  on  flo-turn  mandrel. 

B.  Align  tail-stock  guide  pin. 
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Figure  3-9. 


C.  Shear -form  pass  1,  cut  off  excess,  cleanup,  and  re  groove. 

D.  Shear -form  pass  2,  cut  off  excess,  clean  up,  and  regroove. 

E.  Shear-form  pass  3,  cut  off  excess,  clean  up,  and  regroove. 

F.  Solution-heat-treat  to  as-quenched  condition. 

G.  Shear  form  pass  4,  in  as -quenched  condition. 

H.  Leave  part  on  mandrel  and  finish  machine  to  net  part  dimensions 
except  lip  configuration. 

I.  Heat  liner  to  250°F  maximum  to  remove  from  mandrel. 

J.  Age-harden  to  T6  condition. 

K.  Electron -beam -weld  diffuser  assembly  to  liner. 

L.  Electrically  discharge  machine  lip  configuration. 

3.4.2  Selection  of  Rollers 

A  number  of  flo-turn  passes  were  made  to  obtain  the  correct  combination  of 
forming  rollers  and  spacers.  Scaling  and  distortion  resulted  if  correct, 
geometrically  formed  rollers  and  dimensionally  correct  spacers  were  not 
used  in  the  correct  combinations.  The  shear- forming  parameters  are 
listed  in  Table  3-2. 

3.4.3  Machining 

It  was  planned  initially  to  remove  the  liner  from  the  mandrel  after  the 
fourth  flo-turn  pass,  age-harden  to  the  T6  condition,  and  finish-machine 
on  another  mandrel.  Heat  treatment  to  the  T6  condition  caused  distortion 
and  expansion  of  the  part,  so  that  when  the  part  was  placed  on  the  machining 
mandrel  it  was  loose  and  had  a  tendency  to  stretch  and  move  when  machined 
to  a  0.020-inch  wall  thickness.  To  solve  these  problems,  the  liners  were 
left  on  the  flo-turn  mandrel  after  the  fourth  pass  (in  the  as-quenched  condition) 
and  were  finish-machined  on  the  same  mandrel.  The  liners  were  then 
removed  and  aged  to  the  T6  condition.  Because  less  than  ^00° F  was  required 
to  remove  the  liner  from  the  machining  mandrel,  the  aging  process  was  not 
affected. 
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3.4.  4  Electrical-Discharge  Machining  of  Lip  Configuration 
A  holding  fixture  and  special  electrodes  of  yellow  brass  were  designed  and 
fabricated  for  an  electrical-discharge  machine  to  form  the  lip  configuration 
of  the  open  end  of  the  aluminum  liner.  When  small  particles  of  aluminum 
were  flus’ed  into  the  machining  area,  shorting  occurred.  Etching  and 
cleaning  of  the  flushing  cavities  of  the  tool  eliminated  this  problem. 

3.  4.  5  Welding  of  Aluminum  Liner  Assembly 

The  electron- beam-welding  process  was  selected  to  weld  the  diffuser  to  the 
burst  diaphragm  and  the  diffuser  assembly  to  the  liner  because  of  the  low 
heat  input  characteristics  of  the  process.  The  thin- walled  parts  to  be 
welded  made  it  necessary  to  minimize  weld  distortion.  In  developing  the 
weld  parameters,  cracking  was  an  intermittent  problem.  It  was  found 
necessary  to  feed  the  4043  aluminum  filler  wire  into  the  center  of  the  small 
molten  puddle.  This  was  achieved  by  positioning  the  wire  guide  tip  precisely 
prior  to  welding  each  part.  A  stepped  butt  joint  was  used  to  eliminate  mis¬ 
match  and  to  reduce  tooling  requirements.  Dimensions  of  the  step  were 
modified  to  obtain  acceptable  welds. 

After  the  liner  assembly  was  adhesive-bonded  into  the  barrel,  the  diffuser 
end  was  machined  to  mate  with  the  aluminum  nut  on  the  threaded  neck  of  the 
barrel.  The  nut  and  liner  were  then  GTA-welded  to  seal  the  fuel  side  from 
the  steel  barrel.  Semiautomatic  weld  parameters  were  developed  to  obtain 
crack-free  welds  without  overheating  the  barrel  end. 

3.  5  PISTON  ASSEMBLY  PROCESSING 

The  tank  piston  was  made  of  250-grade  maraging  steel  with  an  outer 
aluminum  cover  to  prevent  fuel/ steel  contact.  Difficulty  in  fitting  the 
aluminum  cover  over  the  steel  piston  was  eliminated  by  hand-lapping  to 
match-fit  each  assembly  prior  to  adhesive  bonding  with  epoxy. 

A  special  rubber  mold  die  was  used  to  form  a  0.  010-  to  0.  015-inch-thick 
silicone  rubber  insulation  (boot)  which  was  subsequently  bonded  to  the  inside 
of  the  maraging  steel  piston.  Initial  attempts  to  bond  the  boot  into  the  piston 
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revealed  that  excessive  air  bubbles  were  trapped  between  boot  and  piston. 

The  boot  material  (Silastic  55)  inhibited  complete  curing  of  the  platinum- 
cured  silicone  adhesive  (93-072).  Bubbles  were  successfully  eliminated 
by  perforating  the  boot  and  replacing  the  solid  bonding  mandrel  with  a  vacuum 
bag  and  appropriate  bleeder-cloth  layers.  Curing  of  the  adhesive  was  ensured 
by  extending  the  cure  time  and  raising  the  cure  temperature.  (Concurrently, 
a  backup  process  was  investigated  to  form  the  insulating  liner  by  coating 
with  liquid  RTV-630  silicone  rubber.  This  process  was  proven  feasible.  ) 

3.  6  ADHESIVE  BONDING  LINERS  IN  TANK 

EC-2216,  a  two-part,  flexible,  epoxy  adhesive  was  chosen  for  bonding  the 
tank  liner  in  place.  The  processing  characteristics  are: 

A.  It  is  a  paste  adhesive  with  adequate  work  life  and  suitable 
viscosity. 

B.  It  cures  at  oom  temperature,  minimizing  thermally  induced 
stresses  that  could  result  from  elevated-temperature  curing  of 
dissimilar  metals. 

3.6.1  Processing  Aid3 

To  keep  the  thin- gage  aluminum  from  buckling  when  the  liner  and  tank  were 
assembled,  a  precision  mandrel  was  used.  To  apply  a  uniform  thickness 
of  adhesive  to  the  inside  wall  of  the  tank  barrel,  a  circular  squeegee  was  used. 

3.6.2  Process  Development 

The  mating  surfaces  of  the  aluminum  liner  and  maraging  steel  t;  rk  were 
prepared  for  bonding  by  solvent  cleaning,  hand  sanding,  and  removing 
residual  grit  from  the  sanding  operation  by  a  final  solvent  wipe. 

A  uniform  coating  of  adhesive  was  applied  to  the  inside  surface  of  the  tank. 

The  tank  and  liner  were  assembled  with  additional  adhesive  being  applied  to 
the  liner  in  a  rolling  band  at  the  tank  and  liner  inteiface. 
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The  adhesive  was  cured  at  ambient  temperature  to  prevent  thermal  stresses 
developing  in  the  dissimilar  metal  structure.  An  axial  force  of  100  lb  was 
applied  to  maintain  proper  position  and  contact  of  the  assembly  and  the 
assembly  was  allowed  to  cure  undisturbed  for  16  hr. 

3.7  SHEAR -RING  DEVELOPMENT 

Tests  were  conducted  to  establish  the  optimum  breaking  groove  configuration 
of  shear  rings  (Figure  3-1)  and  to  determine  the  spread  in  shear  loads  of 
rings  having  such  breaking  grooves. 

Successful  operation  of  the  EB  control  system  UpSTAGE  vehicle  was 
critically  dependent  upon  the  performance  of  a  ring  appropriately  sized  to 
shear  within  a  prescribed  load  range  corresponding  to  a  tank  pressure  of  625 
to  600  psi.  The  prescribed  load  range  was  8,  225  to  9,  400  lb.  The  design 
specified  a  2024- T4  aluminum  ring  with  a  breaking  groove  incorporated  to 
produce  a  shear  failure  at  the  design  point.  Variations  in  the  mechanical 
properties  of  the  ring  material  were  expected  to  affect  the  breaking  load  of 
the  ring.  Hence,  the  magnitude  of  the  variation  was  determined.  In  addition, 
the  effect  on  breaking  load  of  proof  loading  prior  to  the  shear  test  was 
determined. 

During  assembly  of  the  UpSTAGE  fuel  tank,  the  piston  retainer  and  piston 
were  joined  by  a  threaded  connection  (see  Figure  3-1).  The  ability  of  the 
retainer  to  rotate  freely  without  either  the  shear  ring  or  Viton  seal  also 
rotating  was  vital  to  the  success  of  the  assembly  operation.  If  either  the 
shear  ring  or  the  seal  rotated,  a  leak  path  could  occur  as  a  result  of  the  seal 
being  deformed.  Therefore,  the  feasibility  of  using  a  nonmetallic  torque 
washer  to  aid  in  assembly  was  determined.  Details  of  shear-ring  development 
tests  are  contained  in  Appendix  A. 

3.  8  NONDESTRUCTIVE  THICKNESS  AND  BOND  INSPECTION 
During  fabrication  of  the  tank,  two  problem  areas  in  nondestructive  inspection 
were  encountered.  The  first  of  these  involved  measurement  of  the  thickness 
of  the  tank  and  liner  during  machining.  The  second  was  concerned  with 
inspection  of  the  bond  between  the  tank  and  liner. 
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3.8.  1  Tank  and  Liner  Thickness  Inspection 

During  machining  of  the  tank  and  liner  it  was  necessary  to  periodically 
determine  the  thickness  of  the  wall  in  the  cylinder  and  at  the  hemispherical 
end.  Inspection  practice  originally  called  for  the  complete  removal  of  the 
work  piece  from  the  support  mandrel  and  measurements  were  taken  by  an 
ultrasonic- resonance  device. 

In  order  to  perform  the  thickness  inspection  without  removal  from  the 
mandrel,  a  digital  thickness  gage  was  procured  and  integrated  into  the 
inspection  sequence.  The  gage  operated  at  5  MHz  on  the  pulse-echo, 
multiple-back- reflection  concept.  The  transducer  was  only  1/ 4-inch  in 
diameter  and  was  usable  in  confined  areas  or  on  curved  surfaces.  The 
separation  between  the  tank  or  liner  and  the  holding  mand~el  was  sufficient 
that  clear  reflections  were  seen  at  the  back  surface  of  the  tank  or  liner.  The 
small  transducer  worked  very  well  on  the  compound  curvature  of  the  hemi¬ 
spherical  end  of  the  tank  and  liner,  an  area  that  had  been  very  difficult  to 
handle  previously. 

3.8.2  Tank-to-Liner  Bond  Inspection 

To  ensure  the  integrity  of  the  tank-to -liner  adhesive  bond,  it  was  necessary 
to  develop  a  nondestructive  inspection  technique  and  procedure.  The  first 
approach  was  to  apply  a  resonance-loading  instrument  frequently  employed 
for  metal-to-metal  adhesive-bonded  structure.  The  approach  was  unsuccess¬ 
ful  because  the  aluminum  liner  was  thin  (about  0.  020  inch)  compared 
to  the  steel.  The  response  to  the  transducer  (located  on  the  steel  surface) 
was  nearly  the  same  as  that  of  steel  alone.  Since  the  inspection  had  to  be 
performed  from  the  convex  (exterior)  surface  of  the  tank  (the  steel  surface), 
the  resonance-loading  method  was  r.ot  suitable. 

The  second  approach  was  to  use  an  eddy- sonic  instrument.  The  eddy-current 
excitation  coil  operated  with  a  frequency  of  approximately  15  kHz,  while  the 
pickup  microphone  was  sensitive  to  a  frequency  of  about  30  kHz.  The  eddy- 
current  excitation  generated  a  mechanical  vibration  which  was  more  intense 
(less  damped)  over  an  unbond  area.  There  was  less  material  available  for 
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damping  the  energy.  In  order  to  verify  the  effectiveness  of  the  eddy- sonic 
instrument,  a  scrap  tank  (out  of  dimensional  tolerance)  was  evaluated.  The 
1-inch  test  probe  was  fitted  with  a  special  plastic  positioning  shoe  to  maintain 
the  probe  in  a  fixed  position  with  respect  to  the  curvature  of  the  tank.  The 

i 

tank  was  completely  inspected,  and  all  suspect  areas  marked.  To  verify  the 
unbond  indications,  the  tank  was  sectioned  through  the  marked  areas.  The 
areas  marked  as  unbonded  came  apart  easily,  whereas  the  well-bonded 
(unmarked)  areas  were  extremely  difficult  to  separate. 

Based  upon  this  test,  a  procedure  for  eddy- sonic  inspection  of  bonded  metal 
structures  was  generated  and  successfully  employed  to  inspect  all  tank-to- 
liner  bonds. 


3.  9  PROBLEMS  AND  SOLUTIONS 

Problems  and  solutions  encountered  in  developing  the  manufacturing 
processes  for  the  fuel  tank  assembly  are  summarized  below: 


Problem 

Solution 

Tank  barrel  internal  dimensions 
could  not  be  maintained  during 
flo-turning. 

Reduced  preform  inner  diameter  and 
mandrel  outer  diameter:  ground  to 
final  dimensions  after  forming. 

The  maraging  steel  barrel  warped 
after  flo-turning. 

Bulge-formed  the  barrel  to  stress- 
relieve  it. 

Air  gaps  between  the  barrel  and 
the  machining  mandrel  caused 
excessive  wall  thickness  variations 
during  machining. 

Applied  heat-resistant  grease  to  fill 
air  gaps  and  made  lighter  tool  cuts. 

Aluminum  liner  turned  on  mandrel 
during  flo-turning,  causing  galling. 

Added  a  key  in  the  guide  pin  of  the 

Flo- Turn  machine  and  a  key  slot  in 
the  liner  preform. 

Movement  of  material  after  the 
liner  was  removed  from  the  flo- 
turn  mandrel  made  it  impossible 
to  machine  the  wall  thickness  to 

0.  020  ±0.  002  inch. 

Flo-turned  the  part  on  the  fourth 
pass  in  the  as-quenched  condition 
and  finish-machined  while  the  part 
was  still  on  the  flo-turn  mandrel. 
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Problem 


Solution 


The  electrical  discharge  machine 
shorted  when  small  aluminum 
particles  were  flushed  into  the  lip 
area  of  the  liner. 

Adhesive  bond  between  the  piston 
and  its  rubber  boot  contained  air 
bubbles  and  uncured  adhesive. 

Existing  thickness  measurement 
techniques  (ultrasonic- resonance) 
were  exceedingly  difficult  and  time 
consuming,  especially  for  the 
aluminum  liner. 

Existing  nondestructive  bond  testing 
device  (resonance-loading)  could  not 
detect  unbonds  between  tank  barrel 
and  liner. 

Poor  weld  quality  was  obtained  in 
initial  electron- beam  welds  at 
stepped  joints. 


Etched  and  cleaned  the  flushing 
cavities  of  the  tool. 


Perforated  the  boot,  vacuum-bagged 
the  assembly,  and  cured  at  a  higher 
temperature  for  longer  times. 

Procured  and  applied  new  pulse- echo 
equipment  (digital  thickness  gage). 


Procured  and  applied  new  eddy- sonic 
device  with  plastic  positioning  shoe. 


Modified  step  dimensions  and 
tolerances  allowed  on  mating  parts. 


3.  10  CONCLUSIONS  AND  RECOMMENDATIONS 

A  number  of  practical  equipment  and  dimensional  problems  were  solved  tc 
develop  a  satisfactory  process  for  manufacturing  a  limited  quantity  of  fuel 
tanks.  Improved  flo-turning  equipment  capable  of  producing  close 
dimensional  control  would  improve  the  economy  of  barrel  and  liner  manufac¬ 
ture  considerably.  Nondestructive  in-process  measurement  of  liner  wall 
thickness  aided  machining  of  the  thin  liner  significantly. 
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Section  4 

FUEL  MANIFOLD  PROCESSING* 


4.  1  REQUIREMENTS 

Fabrication  of  the  elliptical  fuel  manifold  frame  required  GTA  welding.  The 
manifold  frame  was  fabricated  from  two  2014- T452  aluminum  rolled- ring 
forgings  which  were  blocker-die-formed  to  an  elliptical  configuration.  The 
assembly  of  these  two  partially  machined  forgings  (Figure  4-1)  created  two 
elliptical  butt  joints  having  a  major  diameter  of  33.75  inches  and  a  minor 
diameter  of  16.  125  inches  which  produced  the  manifold  portion  of  the  part 
with  a  0.875- inch  inside  diameter.  The  weld  requirement  was  to  fully  pene¬ 
trate  in  one  pass  the  0.  165- inch- thick  square  edge  of  the  weld  joint  without 
using  internal  tooling  for  puddle  support.  In  addition,  the  weld-bead  drop- 
through  was  not  to  exceed  0.  050  inch  and  was  to  be  reasonably  smooth  and  con¬ 
sistent  so  as  to  not  disturb  the  fluid  flow  in  the  manifold.  Subsequent  to  weld¬ 
ing,  the  manifold  frame  was  artificially  aged  to  the  T652  condition.  The  aged 
welds  (with  up  to  two  repairs)  were  to  exceed  a  minimum  tensile  yield  strength 
of  28,  000  pni. 

4.  2  APPROACH  AND  CONSTRAINTS 

Two  welding  approaches  were  considered.  The  first  was  manual  welding  and 
the  second  was  N/C  welding.  The  former  method  under  the  best  conditions 
necessitated  numerous  weld  starts  and  stops,  increasing  the  probability  of 
weld  defects.  Also,  great  operator  skill  was  needed  to  maintain  consistent 
weld  penetration  without  exceeding  the  0,  050- inch  dropthrough  requirement. 
N/C  welding  was  selected  for  its  ability  to  follow  complex  weld  joints  and 
provide  weld  puddle  control  on  a  reproducible  basis. 


* 


Refer  to  Appendix  B  for  details  of  manifold  weld  development. 
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(0.060  INCH  MAXIMUM) 


seam 


Preliminary  welding  parameters  were  developed  on  flat  2014- T4  aluminum 
sheet.  Mechanical  properties  were  then  measured  from  these  welded  panels, 
which  included  original  welds  and  double- repair  welds,  to  determine  if  the 
minimum  yield  strength  could  be  consistently  maintained  following  artificial 
aging. 

Three  circular- shaped  manifolds  simulating  the  cross-sectional  mass  and 
weld  length  were  made  from  2014- T4  aluminum  alloy  plate  and  were  assembled 
and  welded  to  examine  the  performance  of  the  N/C  welding  machine,  weld 
torch  accessibility,  wire- guide  rotational  features,  weld  joint  fit- up,  weld 
fixturing,  tape  programming,  and  current  pulsation. 

The  techniques  thus  developed  were  applied  and  optimized  by  welding  to  the 
flight  configuration  (and  repairing  where  necessary)  four  elliptical  manifolds 
machined  from  forgings.  Dimensional  and  mechanical  properties  of  the  welds 
in  these  forged  parts  were  measured  and  evaluated  prior  to  committing  the 
procedures  to  production. 

4.  3  ELLIPTICAL  FORGING 

Aluminum  alloy  2014,  the  alloy  of  highest  strength  and  reasonable  weldability, 
was  selected  as  the  material  for  making  the  EB  elliptical  manifold  frames. 
Forgings  were  chosen  over  plate  as  the  optimum  product  form  for  obtaining 
highest  strength  and  ductility  in  all  directions.  The  mandrel- forged,  ring- 
type  forging  was  assessed  to  be  the  most  suitable  and  economical  method  for 
obtaining  desired  properties  for  the  number  of  forgings  required. 

In  the  forging  fabrication  sequence,  the  ingots  were  heated  to  approximately 
700 °F  and  repeatedly  hot-worked  in  all  three  directions  by  an  upset  process 
until  the  as-cast  grain  structure  was  broken  down  into  one  of  uniform  non- 
directional  grains.  The  final  upsetting  terminated  with  the  metal  worked  into 
the  shape  of  a  flattened  biscuit.  A  hole  wa .  bored  through  the  center  of  the 
biscuit  (creating  a  ring-shaped  forging)  to  permit  insertion  of  a  mandrel  for 
the  final  hot- working  into  a  ring  configuration.  Repeated  hits  were  made 
against  the  mandrel- supported  ring,  causing  an  increase  in  ring  diameter,  a 
decrease  in  thickness,  and  a  grain  orientation  parallel  to  the  circumferential 
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direction.  The  forging  at  this  poiri  was  wide  enough  to  permit  slicing  to 
obtain  a  few  individual  frame  forgings  from  each  ring.  These  sliced  rings 
were  pulled  diametrically  to  form  the  desired  elliptical  shape. 

Of  greatest  importance  was  the  need  to  minimize  the  amount  of  frame  dis¬ 
tortion  during  machining,  as  a  very  close  tolerance  fit  of  the  opposing  weld 
lands  on  the  mating  inner  and  outer  frames  was  required.  To  achieve  this 
condition,  precautionary  process  controls  were  implemented  to  minimize 
residual  stresses  in  the  frame  forgings  prior  to  machining.  The  controls 
entailed  holding  the  as-quenched  forgings  below  35°F  (to  prevent  an  increase 
in  yield  strength  due  to  room-temperature  age-hardening)  until  a  compression 
stress  relief  could  be  applied  to  eliminate  residual  stresses  induced  by 
quenching.  Then,  an  optimum  mechanical  stress  relief  was  performed  by 
simultaneously  compressing  the  entire  frame  in  its  axial  direction.  These 
stress  relief  measures  were  effective,  as  no  measurable  distortion  occurred 
during  machining. 

4.4  PLATE  AND  ROUND  RING  WELDING 

Straight-line  GTA  welds  were  made  in  flat  panels,  using  the  weld  fixture 
shown  in  Figure  4-2  The  fixture  contained  a  cutout  beneath  the  weld  to 
simulate  the  manifold  duct.  The  fixture  was  made  of  aluminum  and  was  firmly 
clamped  to  the  flat  panel  to  simulate  the  heat- sink  effect  of  the  forgings  upon 
the  weld. 

The  GTA  welding  process  was  used  for  both  the  mechanized  welding  (direct 
current)  and  manual  welding  (alternating  current)  operations.  Manual  weld¬ 
ing  was  being  considered  as  a  possible  weld  repair  technique  only.  Mechanized 
weld  parameters  were  developed  to  produce  a  single- pass,  full- penetration 
weld  with  a  smooth,  shallow-weld  dropthrough  shape.  Several  parameter  com¬ 
binations  were  evaluated,  including  varying  mixtures  of  helium  and  argon. 

None  of  the  gas  mixtures  effected  a  dropthrough  shape  improvement.  The  weld 
parameters  which  produced  the  most  consistent  weld  with  the  least  practical 
amount  of  dropthrough  (0.  034  to  0.  040  inch)  were  used  to  weld  three  24-inch- 
long  panels.  Additional  24- inch- long  panels  were  welded  to  evaluate  possible 
weld  repair  procedures  by  shaving  the  original  weld  flush  and  rewelding  by 
mechanized  or  manual  methods.  Six  to  ten  tensile  coupons  were  excised  from 
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THE  SUPERIMPOSED  CROSS-HATCHED  AREA  IS  THE  CROSS 
SECTION  OP  ES  MANIFOLD  FORGINGS  AS  MACHINED  FOR 
THE  WELD  OPERATION.  THE  TEST  PANEL  IS  SHOWN  SHADED. 


Figure  4-2.  Weld  Fixture-Tret  Panel  Croe*  Section 
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each  panel,  aged  to  the  T6  condition,  and  tensile  tested.  The  results,  shown 
in  Table  4-1,  demonstrated  that  the  required  yield  strength  (28  ksi)  could  be 
obtained  consistently  in  mechanized  welds  with  up  to  two  mechanized  repairs. 

The  use  of  pulsed-weld  current  was  also  investigated  and  was  found  to  improve 
the  consistency  of  weld  bead  shape. 

To  prove  the  capability  of  the  newly  modified  N/C  welder,  the  ability  to 
rotate  the  wire  guide  and  tungsten  electrode  while  welding,  develop  weld 
overlap  procedures,  and  optimize  the  preliminary  weld  parameters,  three 
simulated  circular  manifold  assemblies  were  machined  from  2014- T451  plate 
stock.  These  test  parts  vyere  designed  with  two  26.  5- inch-diameter  annular 
butt  welds  on  opposite  sides  as  shown  in  cross  section  in  Figure  4-3.  The 
length  of  the  weld  and  mass  of  material  were  selected  to  simulate  the  con¬ 
ditions  of  the  elliptical  manifold. 


Table  4-1 

TENSILE  YIELD  STRENGTH  OF  FLAT- PANEL  WELDS* 


Welding  Method 

Weld  Bead  Shape 

Tensile  Yield  Strength 
-  Range  (k!si) 

Mechanized 

As- welded 

40  -  44 

Mechanized  plus  l 
mechanized  repair 

Shaved  both  sides 

31  -  41 

Mechanized  plus  2 
mechanized  repairs 

Shaved  both  sides 

29  -  39 

Mechanized  plus  1 
manual  repair 

Shaved  both  sides 

27  -  36 

Mechanized  plus  2 
manual  repairs 

Shaved  both  sides 

28  -  33 

Refer  to  Appendix  B  for  detail-ed  welding  procedures. 

*  t 
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3  IN. 


Figure  4-3.  Circular  Manifold  Croat  Section 


Using  the  pulsation  weld  parameters  developed  on  flat  plate,  the  split  circular 
manifold  was  welded  in  six  segmented  40-deg  increments.  It  was  necessary 
to  progressively  increase  the  peak  welding  current  to  achieve  100- percent 
penetration  due  to  the  increased  heat  sink  of  the  part  (compared  to  clamped 
flat  plates).  Welding  current  was  increased  from  150  to  216  amp,  arc  voltage 
from  12.  0  to  13.  5  v,  and  wire-feed  speed  from  26.  0  to  28.  0  ipm,  while  the 
tangential  travel  speed  remained  constant  at  10  ipm  (50  percent  of  feed- rate 
override). 

Weld  overlap  and  tie-off  parameters  were  developed  on  the  same  part  by 
back- stepping  in  six  segmented  40-deg  increments.  The  first  20  deg  of  each 
increment  was  over  the  remaining  unwelded  joint  followed  by  20  deg  of  over¬ 
lap.  It  was  found  that  the  best  results  were  obtained  by  decreasing  the  travel 
speed  by  10  percent  in  the  1.5-deg  block  just  ahead  of  the  weld  start,  increas¬ 
ing  the  arc  voltage  to  15.0  v  in  the  first  3.0-deg  block  after  overlap,  and  then 
reducing  the  peak  welding  current  in  four  successive  3.0-deg  blocks  to  a  final 
value  of  96  amp. 

These  procedures  were  then  used  to  weld  the  other  split  circular  manifold. 
During  the  weld  the  joint  gap  opened  ahead  of  the  arc,  and  in  the  last  quadrant 
it  spread  to  0.  025  inch.  As  a  result,  root- side  fusion  was  lost.  Other¬ 
wise,  the  weld  was  dimensionally  satisfactory. 

As  a  result  of  this  condition,  it  was  necessary  to  develop  a  technique  for 
minimizing  or  eliminating  the  gap  buildup  during  welding.  Thus,  a  shrink¬ 
fitting  method  was  devised.  The  remaining  two  circular  test  part  details 
were  machined  with  0.  003  to  0.  005  inch  of  extra  material  left  on  the  weld 
joint  faces  so  that  just  prior  to  welding  a  dry- finish  machine  cut  could  be 
made,  leaving  the  joint  faces  clean  and  ready  to  weld.  In  order  to  evaluate 
a  shrink  fit,  these  parts  were  left  in  their  existing  rough- machined  and  over¬ 
sized  condition  and  prepared  for  welding  by  lightly  scraping  the  weld  joint 
surfaces  which  removed  0.0005  inch  per  surface.  This  produced  a  0,  012-  to 
0.  01 5- inch  diametrical  interference  fit  between  the  inner  and  outer  rings, 
which  was  not  considered  sufficient  to  offset  the  gap  observed  on  the  previous 
part,  but  was  expected  to  give  some  indication  as  to  the  value  of  this  technique. 
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The  outer  ring  was  heated  to  200°F,  which  caused  a  0.  060- inch  increase  in 
the  inside  diameter.  The  inner  ring,  which  was  at  room  temperature,  was 
inserted  into  the  outer  ring  and  shimmed  vertically  to  eliminate  weld  joint 
mismatch.  When  the  assembly  cooled  to  room  temperature,  there  was 
metal- to- metal  contact  along  the  full  length  of  the  weld  joints. 

The  full  circular  te3t  mahifold  was  then  secured  in  the  weld  fixture.  Both 
sides  were  N/C  welded  and  no  joint  gap  was  observed.  The  weld  bead  crown 
was  slightly  convex  and  most  satisfactory  in  appearance.  Subsequent  radio- 
graphic  inspection  revealed  intermittent  lack  of  penetration  throughout  the 
weld,  which  was  attributed  to  the  improved  heat  transfer  due  to  the  shrink 
fit.  Thus,  after  shrink  fit  assembly  of  the  last  circular  manifold,  both  joints 
were  welded  with  the  peak  welding  current  increased  to  234.  6  amp.  The 
crown  of  the  weld  bead  was  flush  with  the  top  surface  of  the  joint.  The  welds 
were  then  x-rayed  and  found  to  be  free  of  defects. 

To  correct  the  lack- of- penetration  defects  present  in  the  first  circular 
manifold,  a  repair  technique  was  devised.  •  A  second  hole  was  drilled  in  the 
manifold  180  deg  from  the  first  pressurization  hole.  200  ml  of  methyl  alcohol 
was  poured  in  a  beaker  and  aluminum  welding  flux  was  added  until  400  ml  of 
solution  was  obtained.  The  solution  was  poured  into  one  of  the  holes  and  the 
part  was  rotated  to  coat  the  interior  surface  of  the  manifold.  The  remaining 
solution  was  poured  out  and  then  the  part  was  dried  by  heating  to  125°F. 

After  shaving  the  defective  weld  beads  flush,  both  sides  were  rewelded  with 
the  N/C  tape  having  234.  6  amp  of  peak  current.  The  weld  ran  smoothly 
except  for  some  gaseous  expulsion  near  the  end  of  the  weld  on  the  top  side. 
This  situation  was  believed  attributable  to  a  heavy  concentration  of  flux  in  the 
unfused  mating  surfaces  of  the  joint.  Otherwise  the  weld  was  found  acceptable 
in  subsequent  radiographic  inspection. 

Following  the  radiographic  inspection  of  each  weld,  the  welds  were  inspected 

for  surface  defects  using  dye-penetrant.  No  surface  defects  were  found  in 

any  of  the  welds.  The  two  completed  circular  manifolds  were  finally  inspected 

.  o 

by  a  helium  leak- detection  method  using  a  sensitivity  of  3  x  10  scc/sec  and 
no  leaks  were  detected.  The  first  full  circular  manifold  was  then  cut  into 
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sections  to  view  the  weld  cross  section  and  penetration.  The  weld  cross 
section  showed  a  consistent  weld  dropthrough  of  0.  035  to  0.  040  inch. 

4.  5  ELLIPTICAL  MANIFOLD  WELDING 

The  developmental  elliptical  manifold  was  composed  of  inner  and  outer 
elliptical- shaped  20i4-T452  aluminum  roll  ring  forgings.  When  these  two 
rings  were  assembled,  an  elliptical  weld  joint  was  created  having  a  major 
diameter  of  33.  25  inches  and  a  minor  diameter  of  15.  57  inches  as  shown  in 
Figure  4-1.  On  the  opposite  side,  the  elliptical  weld  path  was  interrupted 
(in  the  original  design)  to  allow  for  the  subsequent  machining  of  four  integral 
inlet  ports.  Views  A- A  and  B-B  show  the  cross  sections  of  interest  and  the., 
resultant  cross  section  (shown  cross-hatched)  of  the  manifold  after  machining. 

The  weld  fixture  was  a  trunnion-type  tool  which  was  placed  between  the  head- 
and  tail- stock  of  the  N/C  welder.  This  fixturing  approach  permitted  rotation 
of  the  entire  assembly  between  welds  by  programming  the  A-axis  180  deg 
without  removal  of  the  manifold. 

One  of  the  major  problems  in  setup  and  weld- joint  tracking  was  that  the 
welding  torch  was  not  manufactured  with  enough  precision  to  allow  it  to  be 
rotated  through  400  deg  without  causing  a  tracking  error.  The  error  arose 
because  the  torch  body  was  not  exactly  straight  and  the  collet  did  not  center 
the  electrode  in  the  torch;  this  caused  the  electrode  to  be  located  differently 
each  time  the  electrode  was  replaced.  The  problem  was  solved  by  machining 
the  torch  and  by  shimming  the  torch- mounting  bracket  to  center  the  electrode 
to  the  weld  joint  pcam.  The  electrode  eccentricity  was  reduced  from 
0.  100  inch  to  0.  010  inch, 

t 

The  preliminary  N/C  tape  for  the  elliptical  manifold  configuration  contained 
the  same  provisions  for  weld  position,  torch  rotation,  axis  movement,  and 
chord  length  deviations  as  for  the  circular  manifold  tape.  In  addition,  the 
tungsten  electrode  index  point  was  set  on  the  centerline  of  the  weld  fixture, 
the  weld  start  point  was  set  2  inches  before  the  minor  diameter,  and  the 
tangential  travel  speed  was  set  at  10  ipm  maximum. 
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The  tape  was  proofed  by  tracking  the  joints  as- photographed  on  a  master 
Mylar-coa.ed  sheet-metal  template,  and  several  modifications  were  made  to 
obtain  satisfactory  control  of  torch  and  wire  motion. 

The  manifold  parts  were  N/C  machined  with  an  extra  0.  005  inch  of  material 
left  on  the  weld  joint  face  in  addition  to  the  0.  005  inch  per  face  required  for 
the  interference  fit.  The  parts  were  brought  to  the  final  dimension  by  hand¬ 
filing  them  to  a  sheet- aluminum  photo- template. 

The  weld  joint  preparation  for  welding  began  with  degreasing  and  acid-etching 
the  parts.  The  weld  joint  faces  were  then  draw- filed  and  the  upper  and  lower 
surfaces  hand-scraped  for  a  width  of  1/4  inch.  Having  completed  the  prep¬ 
aration,  each  part  was  placed  in  a  fabric- reinforced  plastic  bag  which  was 
evacuated  and  back-filled  with  dry  nitrogen  to  minimize  oxidation  of  the 
scraped  surfaces. 

Before  beginning  the  assembly  process,  the  outer  ring  was  removed  from  its 
bag,  four  thermocouples  were  installed,  and  the  outer  ring  was  placed  on  hot 
plates  for  heating.  The  cleaned  surfaces  were  visually  inspected  with  white 
and  black  light  and  spot- scraped  where  necessary.  The  ring  was  then  heated 
to  200°  to  250°F,  the  inner  ring  inserted,  and  the  joints  matched.  The 
assembly  was  air-cooled  .  j  room  temperature. 

Four  manifold  frames  were  used  to  determine  the  schedule  of  weld  current, 
arc  voltage,  x-  and  y-axis  travel  spted,  filler-wire  feed  rate  and  position, 
and  1 '.terference- fit  that  produced  full- penetration  welds  without  defects  or 
excessive  dropthrough.  *fThe final  N/C  tape  required  29  wire- feed,  two  arc- 
voltage,  eight  welding- current,  and  over  400  travel- speed  changes  to 
successfully  weld  the  two  elliptical  manifo1  weld  joints. 

Sections  were  cut  from  an  elliptical  test  manifold  where  the  weld  was  con¬ 
sidered  to  be  representative  of  an  acceptable  weld.  Tensile  coupons  were 
excised  from  these  sections,  as  shown  in  Figure  4-4,  obtaining  six  coupons 
from  the  top  weld  and  six  from  the  bottom.  The  coupons  were  aged  to  the 
T6  condition  and  tensile  tested.  Tensile  yield  strength  varied  from  35  to 
39  ksi,  well  above  the  required  value  of  28  ksi. 
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CROSS-SECTION  OF  Up8TAQE  TEST  MANIFOLD-FRAME  P/N  1T36130 
WELD  CROWN  ANO  DROP-THROUGH  WERE  LEFT  AS-WELDED 
(SMALL  ARROWS  SHOW  LOADING  DIRECTION) 


Figure  44.  Location  of  Ten  tilt  Coupon*  Excited  from  Forged  Elliptical  Manifold 


Lack- of- penetration  defects  occurred  in  the  bottom  side  weld  of  elliptical  test 
parts  2  and  3  in  the  transition  areas  entering  and  exiting  the  ports.  As  the 
aluminum- welding-flux  repair  method  produced  good  results  on  the  circular 
test  part,  it  was  decided  to  repair  these  two  elliptical  parts,  with  some 
refinements  in  the  procedure.  The  inside  of  the  manifold  was  coated  with 
the  flux- and- alcohol  mixture  and  the  excess  was  drained.  The  manifold  was 

_4 

then  placed  in  a  vacuum  chamber  which  was  evacuated  to  5  x  10  torr.  This 
ensured  the  complete  evaporation  of  the  alcohol  that  was  suspected  of  causing 
weld  expulsion  on  the  circular  part.  The  surface  of  the  original  weld  was 
machined  flush  and  hand- scraped  in  preparation  for  the  repair  weld.  After 
welding,  the  flux  was  removed  by  flowing  180°F  deionized  water  through  the 
manifold  to  remove  all  traces  of  the  flux.  Dry  nitrogen  was  then  blown 
through  the  manifold  to  remove  the  remaining  water  and  the  part  was  again 
placed  in  the  vacuum  chamber  and  evacuated  to  complete  the  drying  process. 

After  several  production  manifolds  of  the  original  design  were  welded,  the 
manifold  was  redesigned  to  eliminate  the  discontinuities  in  the  aft  side  weld 
path.  This  changed  the  aft  side  weld  path  to  an  uninterrupted  ellipse  like  the 
forward  side  and  significantly  reduced  the  incidence  of  weld  concavity  and 
lack- of- penetration  defects  in  the  aft  side  weld. 

As  welding  progressed  on  the  redesigned  manifolds,  a  lack-of- penetration 
problem  developed  in  the  weld- start/overlap  area  on  both  the  forward  and  aft 
sides.  To  ensure  complete  penetration,  the  weld- start  and  overlap- weld 
parameters  were  modified  and  verified  on  short,  straight  sections  that  exactly 
duplicated  the  mass  and  cross  section  of  the  elliptical  manifold.  The  weld- 
start  travel  speed  was  slowed  for  the  first  1-1/2  inch  of  the  weld,  the  current 
downslope  was  delayed  for  another  inch  after  weld  overlap,  the  overlap  weld- 
travel  speed  was  reduced,  and  the  peak  welding  current  was  increased  from 
210.  0  to  215.4  amp.  It  was  found  that  the  welding  flux  could  be  eliminated 
during  these  repairs,  and  a  fully  satisfactory  weld  was  still  obtained. 

4.6  NONDESTRUCTIVE  INSPECTION 

Evaluation  of  the  welded- aluminum  manifold  showed  that  fit  variations 
between  the  two  mating  sections  were  causing  lack- of- penetration  defects  or 
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areas  of  excessive  bead  dropthrough.  It  was  necessary  to  apply  effective 
nondestructive  inspection  techniques  to  assess  the  weldment  condition  prior 
to  further  processing.  Two  techniques  were  employed. 

4.  6.  1  Film  Radiography 

The  first  technique  employed  was  x-ray  film  radiography,  an  accepted 
inspection  tool,  particularly  for  weldments.  However,  if  the  geometry  of 
the  part  becomes  complex,  the  interpretation  of  the  film  becomes  increasingly 
difficult.  Meaningful  radiographs  of  the  manifold  weldments  were  very 
difficult  to  obtain. 

The  geometry  of  the  manifold  made  it  difficult  to  produce  radiographs  without 
superimposing  the  images  of  the  weldments  on  each  other  (see  Figures  4-1 
and  4-4). 

X-ray  exposure  of  the  part  at  an  angle  sufficient  to  separate  the  weldment 
images  clarified  he  individual  weldment  images  in  local  areas.  However,  in 
most  areas,  othe-'  portions  of  the  manifold  forging  blocked  the  view, 

\ 

Weldment  porosity5 was  readily  detected,  as  were  gross  lack- of- penetration 
defects  and  large  c  racks.  However,  there  was  no  way  of  determining  the 
extent  of  weld  penetration  or  excessive  dropthrough.  It  was  necessary  to  use 
another  inspection  technique  to  assess  the  weld  penetration. 

4.  6.  2  Weld  Thickness  and  Dropthrough 

The  primary  goal  of  the  second  inspection  technique  was  to  determine  whether 
a  full- penetration  weldment  existed  completely  about  the  circumference  of  the 
manifold  assembly.  It  was  impossible  to  examine  the  root  (dropthrough)  of 
the  weldment  because  it  was  inside  a  closed  passageway.  Therefore,  a 
method  was  needed  to  assess  the  total  weld  thickness  from  one  surface  only. 

The  technique  selected  for  development  utilized  a  digital  thickness  gage.  The 
instrument  was  designed  to  measure  metallic  material  thicknesses  from  one 
surface  only.  The  results  were  displayed  digitally  on  the  face  of  the  instru¬ 
ment.  The  unit  operated  at  5  MHz  with  a  1 /4- inch-diameter  transducer. 
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This  method  was  very  successful  in  measuring  the  total  thickness  of  the 
weldment  when  the  thickness  of  the  mating  parts  was  known  initially.  The 
height  of  the  weld  bead  could  be  determined  by  mechanical  measurement. 

The  thickness  measured  by  the  instrument  minus  the  sum  of  the  previous 
two  figures  resulted  in  a  figure  representing  the  extent  of  the  dropthrough. 

Areas  where  no  signal  was  received  indicated  the  presence  of  insufficient 
penetration  or  a  defect  which  prevented  transmission  or  reflection  of  the 
ultrasonic  wave  front.  The  transducer  was  small  in  diameter  and  operated 
effectively  on  the  weld  crown  without  degradation  of  the  ultrasonic  signal. 

This  approach  to  weldment  inspection  was  quite  successful,  and  together  with 
film  radiography,  provided  adequate  means  of  ensuring  the  integrity  and 
reliability  of  the  manifold  welds. 

4.  7  MACHINING  CRACK  PROBLEM 

Metallurgical  investigation  concluded  that  failure  of  the  EB  manifold  during 
proof- pressure  test  was  caused  by  cracks  in  the  manifold  wall  (not  near  the 
welds)  that  existed  prior  to  the  proof- pressure-testing  operation.  The  crack¬ 
ing  was  caused  by  a  tensile  overload  applied  during  removal  of  excess  mate¬ 
rial  required  for  a  heat  sink  during  welding.  The  overload  resulted  from 
excess  inner  ring  material  not  being  supported  during  the  second  pass  of  the 
removal  cut  (see  Figure  4-5). 

The  cracking  problem  was  eliminated  by  adding  jacks  to  the  mill  fixture  used 
for  holding  the  manifold  during  the  N/C  machining  operation.  The  jacks 
supported  the  excess  heat- sink  material  while  it  was  being  parted  from  the 
manifold  inner  ring.  Extensive  nondestructive  inspection  of  subsequent  mani¬ 
folds  verified  the  success  of  this  method  in  preventing  cracking. 
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Figure  4-6.  Crack  Formation  During  Manifold  Mwhinlng  (U) 
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4.8  PROBLEMS  AND  SOLUTIONS 

Major  problems  and  solutions  encountered  in  processing  the  fuel  manifold 
are  summarized  below: 


Problem 


Solution 


A  large  we  Id- joint  gap  occurred 
during  the  welding  of  slip  fit 
manifold  test  parts  causing  loss  of 
weld  control. 

Weld- joint  tracking  error  occurred 
due  to  lack  of  concentricity  of  the 
welding  torch  as  the  weld  head 
rotated. 

Lack  of  weld  penetration  occurred 
in  the  weld  overlap  and  tie -off  area 
on  both  sides  of  the  manifold. 


A  nondestructive  technique  was 
required  to  determine  depth  of 
penetration  of  aluminum  manifold 
weldme  nts. 

Cracking  occurred  during  final 
machining. 


Manifold  parts  were  machined  with  a 
0.  020- inch  diametrical  interference 
and  assembled  using  a  shrink  f it.- 

Weld  torch  parts  were  modified  to 
accurately  center  the  tungsten  electrode 
to  the  torch  barrel. 

The  welding  parameters  on  the  N/C 
tape  were  revised  in  the  weld  overlap 
area.  A  straight- section  dup  lication 
of  the  manifold  was  welded  before  each 
full  elliptical  manifold  weld  to  verify 
the  parameters  and  machine  performance. 

The  digital  thickness  gage  was  effective 
in  determining  weldment  thickness, 
thereby  providing  information  as  to 
complete  or  less- than- complete  pene¬ 
tration. 

Machining  fixtures  and  tools  were 
modified  to  avoid  forces  which  could 
cause  cracking. 


4.  9  CONCLUSIONS  AND  RECOMMENDATIONS 

1.  An  uninterrupted,  single-oass,  free- fall  butt- weld  procedure  was 
satisfactorily  developed  for  welding  the  fuel  manifold  frame  using  the 
eight-axis  N/C  welding  machine. 

2.  Through  the  use  of  low-frequency  (10  Hz)  weld  current  pulsation, 
excellent  weld  puddle  control  of  free-fall  weldments  in  2014- T4 
aluminum  was  demonstrated  with  the  GTA  welding  process.  In 
addition,  this  technique  is  believed  to  have  contributed  to  the  absence 
of  oxide  stringers  prevalent  in  steady- state  GTA  welds  in  2014 
aluminum. 
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3.  The  ability  to  rotate  the  filler  wire  about  the  tungsten  electrode 
during  welding  was  adequately  displayed  in  this  program.  It  was 
further  shown  that  the  entry  angle  for  the  wire  may  vary  up  to  30  deg 
on  each  side  of  the  centerline  of  the  joint  without  any  difficulty. 

4.  Numerous  changes  in  weld  heat  input  were  required  during  the  weld 
to  adjust  for  changing  heat  sinks  created  by  design  of  the  manifold. 
These  changes  were  effectively  made  by  adjustments  in  the  tangential 
travel  speed  a*id  filler  wire  volumetric  rate  of  addition.  This  con¬ 
dition  was  necessary  because  absolute  changes  in  the  welding  current 
durm^,  pmsation  must  exceed  40  amp  for  the  machine  command  unit 
of  the  N/C  welding  machine  to  be  responsive. 

5.  To  achieve  weld  uniformity,  adjust  for  varying  heat  sinks,  and  pro¬ 
vide  consistency  and  quality  in  the  weld  overlap  area,  over  400  in- 
process  changes  were  required  in  weld  travel  speed,  filler  wire 
feed  speed,  arc  voltage,  and  welding  current  to  weld  the  two  sides 
of  the  manifold. 

6.  The  interference  fit  of  the  assembly  eliminated  the  weld- joint  gap 
buildup  during  welding  and  is  believed  to  have  contributed  to  the 
absence  of  oxide  stringer  defects  in  the  weld. 

7.  The  design  requirement  of  a  minimum  censile  yield  strength  of 

28,  000  psi  was  obtained  with  an  average  yield  strength  of  the  forging 
welds  exceeding  the  minimum  by  more  than  30  percent, 

8.  A  combination  of  film  radiography  and  ultrasonic  thickness  measure¬ 
ments  was  required  to  verify  proper  weld  soundness  and  dropthrough. 


Section  5 

ELECTRONICS  PROCESSING 


5.  I  REQUIREMENTS 

Special  electronic  manufacturing  processes  were  developed  to  meet  the 
design  requirements  for  four  assemblies  using  thick- film  circuit  bases:  the 
electrical  power  and  sequencing  unit  (EPSU),  the  guidance  control  unit  (GCU), 
the  control  electronics  unit  (CEU),  and  the  signal  conditioner.  The  perform¬ 
ance,  volume,  and  weight  requirements  which  led  to  the  design  configurations 
selected  for  the  units  are  documented  in  Reference  5-1  and  are  therefore  not 
discussed  in  this  report.  However,  technical  requirements  imposed  by  the 
design  upon  the  processes  and  resultant  materials  are  summarized  herein. 

Automated  drafting  processes  were  required  to  produce  artwork  equivalent  in 
quality  to  artwork  obtained  by  conventional  20- times  photoreduction.  In  addi¬ 
tion,  the  time  and  cost  required  to  produce  the  artwork  had  to  be  competitive 
with  conventional  methods. 

Thick-film  multilayer  circuit  requirements  included  maximum  conductor 
resistance  of  0.  004  ohm  per  square  for  gold,  0.  1  ohm  per  square  for 
platinum-gold  (top  layer  conductors),  and  0.01  ohm  per  square  for  solder- 
coated  platinum  gold;  and  a  ±5  percent  tolerance  on  the  width  of  conductors. 

Up  to  five  conductor  layers  were  required  for  the  design  configuration.  Cir¬ 
cuit  bases  were  required  to  be  as  large  as  possible,  up  to  a  limit  of  4  by 
6  inches  (imposed  by  space  limitations  in  the  GCU),  in  order  to  achieve  maxi¬ 
mum  packaging  density  and  to  minimize  interconnections  between  circuit  bases 


Resistance  of  conductor  films  is  expressed  as  ohms  per  square,  where  a 
square  is  a  film  of  the  fired  conductor  ink  of  equal  length  and  width.  (A 
conductor  film  1  inch  wide  and  1  inch  long  has  the  same  resistance  as  a 
conductor  film  1  foot  wide  and  1  foot  long  made  of  the  same  material  and 
thickness.  ) 
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and  boards.  In  addition,  the  thickness  of  the  alumina  substrate  was  limited 
to  0.  025  inch  to  meet  stack  height  requirements  in  the  GCU  and  CEU. 

When  the  initial  series  of  thick- film  multilayer  circuit  bases  was  made,  it 
became  apparent  that  interlayer  capacitance  between  some  of  the  signal  leads 
and  ground  would  exceed  the  rated  load  capacity  of  some  integrated  circuits 
(IC's).  Therefore,  the  interlayer  capacitance  had  to  be  reduced  to  permit 
proper  functioning  of  the  critical  IC's  in  the  assembly. 

Thick-film  chip  resistors  were  required  with  ink  resistivities  of  0.  1,  0.3,  3, 
10,  30,  100,  and  300  kilohms  per  square.  Tolerances  on  the  trimmed  resis¬ 
tance  value  were  1  percent  and  0.  I  percent,  depending  upon  function.  To 
provide  face-up  mounting  with  reliable  and  Lnspectable  solder  joints,  solder- 
able  conductor  ink  was  required  around  the  edges  of  the  chip. 

A  process  for  adhe sive- bonding  flatpack  IC's  and  heat  sinks  to  thick-film 
bases  was  required  to  produce  bondlines  having  0.003- inch  maximum  thick¬ 
ness  to  enhance  thermal  conductance.  High  adhesion  was  required  between 
heat  sinks  and  thick-film  bases;  only  moderate  adhesion  was  required  between 
flatpacks  and  thick- film  bases  to  facilitate  flatpack  removal  and  replacement. 
In  addition,  the  adhesive  bond  was  required  to  retain  its  strength  and  conduc¬ 
tivity  after  exposure  to  reflow  soldering  and  normal  test  and  flight  thermal 
cycling.  The  number  of  voids  in  the  adhesive  had  to  be  minimized  to  ensure 
adequate  thermal  and  mechanical  bonding. 

Requirements  for  assembly  of  electronic  packages  were  primarily  mechanical 
and  dimensional  in  nature  and  were  set  by  the  design  drawings.  The  extreme 
static  charge  and  thermal  sensitivity  of  many  of  the  IC's  used  in  the  designs 
was  anticipated.  Soldering  attachment  of  metal- oxide  semiconductor  (MOS) 
devices  required  reduced  heat  inputs  to  prevent  damage.  Handling  of  IC's  had 
to  be  minimized  and  closely  controlled  to  prevent  static  discharge  damage. 
Quantitative  requirements  for  grounding  were  not  established;  however,  it 
was  expected  that  adequate  grounding  would  be  easily  obtained  with  existing 
MDAC  procedures. 
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5.  2  APPROACH  AND  CONSTRAINTS 

Multilayer  circuit  requirements  allowed  the  use  of  processes,  equipment, 
and  materials  which  had  been  used  previously  at  MDAC  to  make  small, 
single- layer  production  circuits  and  2-  by  2- inch  multilayer  experimental 
circuits.  The  development  approach  taken  was  to  obtain  samples  of  4-  by 
6- inch  alumina  substrates,  prepare  circuit  artwork,  and  determine  what 
screening  pressure,  tension,  and  emulsion  would  produce  visually  acceptable 
circuitry.  Electrical  and  dimensional  evaluations  were  then  conducted  to 
determine  the  functional  acceptability  of  the  circuit  bases.  As  a  result  of 
these  evaluations,  the  design  and  processes  were  modified  to  achieve  accept¬ 
able  capacitance,  flatness,  and  electrical/structural  integrity  and  producibility. 
Notably,  the  design  of  some  circuits  was  changed  to  place  the  ground  plane  on 
the  back  side  of  the  alumina  substrate.  This  approach  avoided  the  warpage 
due  to  thick  dielectric  layers  on  one  side  of  the  circuit  base;  however,  it 
required  the  development  of  a  method  for  producing  reliable  through- hole 
co  nductors. 

To  meet  the  solderability  and  resistivity  requirements  for  chip  resistors, 
conductor  and  resistor  ink  choices  were  limited.  The  resistor  ink  had  to 
withstand  subsequent  conductor  ink  firing  cycles,  and  the  conductor  ink  had  to 
possess  good  solderability.  Fortunately,  prior  to  the  UpSTAGE  program,  one 
ink  of  each  type  (ESL  3800  resistor  ink  and  ESL  5800E  conductor  ink)  had  been 
characterized  and  successfully  used  at  MDAC.  These  inks  were  selected  for 
chip  resistor  fabrication.  Substrate  material,  ink  screening,  dipping  and 
firing,  and  trimming  techniques  were  adaptations  of  conventional  thick- film 
technology. 

The  only  feasible  approach  for  applying  adhesive  to  thick- film  bases  in  a  con¬ 
trolled  thickness  of  0.  003- inch  maximum  was  determined  tp  be  screen  print¬ 
ing.  This  method  was  herefore  selected  for  development.  High  adhesion  was 
obtained  by  priming  su  faces  prior  to  bonding;  low  adhesion  was  obtained  by 
eliminating  the  primer.  Heat  resistance  was  verified  by  testing  adhesion 
strength  samples  previously  exposed  to  temperatures  of  212°  and  500°F  and 
by  functional  testing  of  prototype  and  flight  assemblies.  (See  Reference  5-1 
for  details.  )  Void  content  was  reduced  by  examining  full-scale  primed  and 


unprimed  bonds  and  then  making  minor  modifications  to  the  bonding  process. 
Acceptable  thermal  contact  area  was  then  verified  by  functional  testing  of 
assemblies. 

The  approach  taken  to  prevent  static  charge  damage  to  IC's  was  to  minimize 
formation  of  charge  wherever  possible.  Where  this  was  not  possible,  as  in 
the  case  of  foam  encapsulation,  the  charge  was  removed  by  an  ionized 
airstream. 

5.3  THICK- FILM  MULTILAYER  ARTWORK  PREPARATION 
The  size  and  complexity  of  the  circuits  precluded  the  conventional  methods 
of  making  artwork.  Usually  thick- film  layouts  are  prepared  20  times  actual 
size  and  photoreduced  for  use.  The  20- times- scale  layout  drawings  for  the 
4-  by  6- inch  substrates  would  be  unwieldy  to  handle  and  too  large  for  the 
equipment  available  for  photoreduction.  The  solution  was  to  use  2-1/2-times- 
scale  computer- generated  artwork  prepared  from  engineering  layouts  of  the 
design  configuration. 

5.3.  1  Equipment  and  Facilities 

Digitizing  was  done  on  a  Tridea  Digitizer  vnich  used  a  closed-circuit  TV 
system  and  joy- stick  control  to  establish  the  coordinates  of  each  point  on  the 
engineering  sketches.  The  grid  table  was  5  by  20  ft,  and  the  Image  of  any 
point  on  the  table  was  magnified  to  50  diameters  for  accuracy  in  location. 

The  positions  of  points  on  the  table  were  punched  on  a  tap  -  to  specify  position 
within  0.0001  inch.  Machine  commands  were  entered  ontc  the  tape  by  a 
typewriter  keyboard.  The  digitizer- generated  tape  was  then  processed  in  an 
IBM  360-85  computer  to  include  such  things  as  line  straightening,  component 
pad  patterns,  and  interconnection  (via)  positions. 

The  complete  edited  tape  was  then  drawn  out  at  2-1/2  times  scale  on  a 
Universal  drafting  machine  (UDM)#.  This  machine  drew  the  line  to  within 

The  UDM  is  manufactured  by  Universal  Drafting  Machines,  Inc.,  a  subsidiary 
of  Eugene  Dietzgen  Co.;  it  has  a  5-  by  20- ft  bed,  a  PD  P-8  computer  control¬ 
ler,  and  a  Potter  computer- grade  magnetic-tape  reader. 
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0.  001  inch  of  the  position  specified  on  the  tape.  Line  widths  produced  with  an 
MDAC-developed  pen  system  were  uniform  to  within  0.  005  inch. 

5.  3.  2  Sequence  of  Operations 

The  method  developed  for  making  drawings  is  shown  in  Figure  5-1.  The 
steps  included  were: 

A.  Sketches  w  :re  laid  out  at  5  times  scale  to  specify  component 
positions  and  types  (see  Figure  5- 2a). 

B.  The  corner  points  of  the  components  and  types  were  digitized. 

C.  The  digitizer- made  tape  was  put  into  the  computer,  which  generated 

a  drawing  tape  to  outline  all  mounting  pads  needed  and  their  positions. 

D.  The  drawing  tape  was  put  in  the  UDM,  which  drew  the  mounting  pads 
over  the  engineering  sketch  (see  Figure  5- 2b). 

E.  Lines  were  drawn  manually  on  this  artwork  to  interconnect  the 
devices. 

F.  The  circuit  runs  were  then  digitized  for  each  layer. 

G.  These  tapes  were  put  into  the  computer,  which  added  drawing 
commands  and  extracted  information  to  build  the  via  artwork. 

H.  E«.ch  tape  was  put  in  the  drafting  machine  and  drawn  at  5  times 
scale  for  check  and  edit. 

I.  Circuit  changes  and  error  markups  were  made  on  these  drawings 
and  the  tapes  corrected. 

J.  Corrected  tapes  were  then  used  to  draw  production  artwork  for  each 
layer  at  2-1/2  times  scale  size. 

K.  The  artwork  was  then  photoreduced  to  final  size  for  production  use. 

5.  3.  3  Digitizing 

Digitizing  was  done  in  two  steps:  first,  the  component  mounting  pad  locations 
were  digitized  from  a  layout  sketch.  The  drawing  made  from  this  tape  was 
then  used  to  sketch  the  interconnections.  After  the  interconnections  were 
sketched,  the  digitizer  was  used  to  prepare  a  tape  of  the  interconnection 
circuitry. 

A  component  layout  sketch  and  computer- generated  pad  master  drawing  are 
shown  in  Figure  5-2.  The  numbers  refer  to  the  type  of  component  to  be 
located  at  that  position.  Each  type  of  component  mounting  pattern  was  drawn 
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Diagram  of  Automated  Artwork  Generation 


Figure  5-2.  Typical  Component  Pad  Layout  Input  and  Output 


and  checked  for  accuracy  at  10  times  scale.  The  pattern  was  then  given  a 
number  and  stored  in  a  computer  library  for  use  by  the  digitizer.  Table  5-1 
lists  several  of  the  commonly  used  patterns. 

Digitizing  the  interconnections  was  done  by  layers.  Each  layer  was  color- 
coded  as  shown  in  Table  5-2.  The  beginning  and  end  points  of  the  line 
were  entered  on  the  tape.  The  computer  then  added  the  PEN- DOWN  and 
PEN- UP  commands  at  the  ends  of  each  line.  Imormation  needed  to  draw  via 
(vertical)  connections  was  indicated  on  the  layout  drawing  by  symbols  (see 
Table  5-2). 

Table  5-1 

LIBRARY  OF  INTERCONNECT  PAD  PATTERNS 

Keyboard  Entry  Pad  Configuration 

SE  F001  Two  rows  of  5  flatpack  pads  (30  x  120  mils  with 

20  mils  spacing  between  pads)  and  300  mils 
between  rows. 

SE  F002  Two  rows  of  7  flatpack  pads  and  300  mils  between 

rows. 

SE  F003  Two  rows  of  8  flatpack  pads  and  300  mils  between 

rows. 

SE  F004  Two  rows  of  12  flatpack  pads  and  300  miles  between 

rows. 

SE  F005  Two  rows  of  7  flatpack  pads  and  500  mils  between 

rows. 

SE  F006  A  single  80  x  80  mil  pad. 

SE  F007  A  single  80  x  160  mil  pad  with  a  90  x  30  mil  slot  in 

center  of  pad. 

SE  FO^S  An  "F"  identification  letter  and  two  alignment  "L's", 

SE  F009  A  30  x  40  mil  via  pad  in  the  center  of  a  single  flat- 

pack  pad  and  referenced  to  the  lower  left-hand 
corner  of  this  pad. 

A  single  20  x  80  mil  via  with  the  80  mil  in  the  y- 
axis. 
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Table  5-2 

TAPE  FUNCTIONS 


Tape  Drawing  Symbol 


Function 


A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

P 

R 

S 

T 

U 

W 


(green  lines) 
(blue  lines) 
(red  lines) 

1  -  5 
G 
9 
® 

m 

A 

® 

® 

8 

1 1 

6,7 


Ground  plane 

Conductors  in  power  plane 
Third  conductor  layer  conductors 
Fourth  conductor  layer  conductors 
Fifth  conductor  layer  conductors 
Flatpack  pads  (FPP) 

All  ground  vias 
All  power  vias 

All  vias  under  FPP  originating  from  third 
conductor  layer 

All  vias  under  FPP  originating  from  fourth 
conductor  layer 

All  20- mil  vias  between  conductor  layers 
3  and  4 

All  20- mil  vias  between  conductor  layers 

3  and  5 

All  20- mil  vias  between  conductor  layers 

4  and  5 

Identification  and  alignment  pads 
Dielectric  border  line 
Ground  plane  pads 
Dielectric  pads  under  flatpacks 
Terminal  pads 

Ground  plane  identification  and  alignment  pads 


5.3.4  Tape  Assembly  and  Editing 

To  allow  for  artwork  changes,  a  plan  was  developed  to  make  separate  tapes 
for  different  functions  and  assemble  the  layer  from  these  tapes  at  the  UDM. 
Table  5-3  shows  the  separate  tapes  required  for  a  typical  multilayer  circuit. 
The  tapes  are  identified  by  letter  in  Table  5-2. 

The  assembly  method  included  planned  cases  of  redundancy  in  artwork.  Fig¬ 
ure  5-3  shows  the  fourth  conductor  artwork  with  the  tapes  used  to  generate  it. 
For  example,  Figure  5-4  shows  a  via  connecting  a  conductor  on  layer  2  to 
another  conductor  on  layer  5.  Layers  2C,  2D,  3C,  3D,  4C,  4D,  and  5C  con¬ 
tain  this  via  tape  (the  suffixes  C  and  D  represent  conductor  and  dielectric, 
respectively).  This  single  tape  was  used  seven  times  to  ensure  registration. 
Figures  5-4b  and  5-4c  show  that  a  misplaced  via  was  easily  detected  by  using 
redundant  vias. 

Modifying  tapes  was  accomplished  in  different  ways  depending  on  the  com¬ 
plexity  of  the  changes.  Small  changes  to  short  tapes  were  usually  done  on 
the  Flexowriter.  Large  tapes  were  edited  with  the  Friden  digitizer  edit 
program.  With  the  digitizer,  the  area  to  be  corrected  was  redigitized  on  a 
small  tape,  checked,  and  duplicated  on  the  tail  end  of  the  original  tape.  The 
original  tape  was  then  duplicated,  omitting  the  changed  or  incorrect  area. 

This  was  done  on  the  Friden  edit  program  by  typing  in  a  line  number  which 
duplicated  the  tape  up  to  this  line,  then  deleting  by  typing  in  keyboard  charac¬ 
ter  (sign)  on  its  teletype  (or  typing  in  replacement  information).  This 
procedure  was  continued  until  all  errors  were  corrected. 

Editing  with  the  Sigma  5  interactive  graphics  system  was  tried  and  found  to  be 
useful  only  for  deleting  lines.  There  was  no  reference  framework  to  allow 
lines  to  be  added. 

5.3.5  Automatic  Drafting 

The  complete,  corrected  tape  was  used  in  the  UDM  to  draw  the  artwork  at 
2-1/2  times  scale  size.  At  the  outset,  the  artwork  quality  was  poor  because 
of  poor  pen  control.  The  pen  would  either  hit  the  table  too  hard  and  splash 
or  stop  too  soon,  not  writing  the  line.  A  mechanism  (Figure  5-5)  was  made 


Table  5-3 

TAPE  COMBINATIONS  REQUIRED  FOR  A  TYPICAL  MULTILAYER  CIRCUIT 


X  X  X  X 


XXXXXXXXX  XX 


XXX 


X  X  X  X  X 


XXX 


XXX 


X  X  X  X  X 


X  X  X  X  X  X  X 


XXXXXXXX 


Q  Q  Q  Q  Q 


u 

0  0  nJ 

h  h  K 

*  *  * 


t  substrates  with  ground  plane  on  positive  side  of  substrate. 

ch  of  Tapes  L,  M,  and  N  must  have  a  Q3  identification  symbol  at  its  front  end. 


Figure  5-4.  Expended  View  of  Interconnection  and  Misregistration  of  Layers  2  to  5 


to  improve  the  control  of  pen  movement.  To  prevent  ink  splatter  and  damage 
to  the  pen  tip,  an  air  dash  pot  was  used  and  set  to  a  slightly  overdamped 
condition. 

5.3.6  Artwork  Evaluation 

Initial  attempts  to  man'  . illy  check  a  5-times-scale  drawing  of  a  five-layer 
circuit  revealed  that  the  check  process  would  take  at  least  5  weeks.  Accord¬ 
ingly,  it  was  necessary  to  rely  upon  digitizing  and  mechanized  drafting  for 
accuracy.  Of  all  the  multilayer  circuits  fabricated,  only  one  piece  of  artwork 
had  to  be  corrected.  In  that  case,  the  operator  removed  the  tape  from  the 
UDM  before  the  drafting  of  the  last  via  point  was  completed. 

5.4  THICK- FILM  MULTILAYER  BASE  FABRICATION 

The  materials  and  most  of  the  methods  used  for  thick- film  multilayer  fabri¬ 
cation  were  previously  used  at  MDAC;  only  the  substrate  size  and  complexity 
were  unusual.  The  substrates  were  made  of  96- percent  alumina  ceramic  with 
holes  prepunched  for  electrical  interconnections.  Commercially  available 
gold  and  platinum-gold  conductor  inks  and  crystallizing  dielectric  inks  were 
used. 

The  multilayer  circuits  were  made  by  alternately  screen- printing  conductors 
and  dielectric  ink  into  substrates  and  firing  them  at  930°C.  Controlled  heat¬ 
ing  and  cooling  rates  were  used  to  obtain  optimum  physical  properties  of  the 
finished  part  (Reference  5-2).  Figure  5-6  shows  a  typical  multilayer  circuit 
base. 

Limiting  the  capacitance  between  signal  conductors  and  the  ground  plane 
necessitated  double-  and  triple-dielectric  printing,  printing  on  both  sides  of 
the  substrates,  and  providing  interconnections  through  the  substrates. 

5.4.  1  Alumina  Substrate  Preparation 

Some  of  the  4-  by  6-inch  substrates  were  received  with  so  much  warpage  that 
they  could  not  be  held  firmly  on  the  vacuum  bed  of  the  screen  printer  and 
could  not  be  printed  with  uniform  line  thicknesses.  A  process  was  developed 
for  flattening  the  substrates,  in  which  twelve  substrates  were  stacked  on  a 
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Fiaur*  5-6.  Large  Thick- Film  Multilayer,  4  Inche*  x  6  I  riche*  x  0.026  Inch,  Coniiiting  of  a  Ground  Plane  on 
Back  Side,  Feed-Through  Hole*  in  the  Subetrate,  a  Power  Layer,  and  Three  Signal  Layer*  on 
the  Front  Side 


1  -  inch- thick,  flat  alumina  block,  and  a  6-lb  weight  was  placed  on  top  of  them. 
The  weighted  stack  was  placed  in  a  clean  kiln,  heated  to  1,400°C,  and  cooled 
to  room  temperature.  A  3- day  flattening  cycle  was  used,  to  allow  slow  cool¬ 
ing  so  that  thermal  stresses  would  be  minimized.  The  resulting  substrates 
were  significantly  flatter  and  less  prone  to  distortion  during  subsequent  firing 
cycles. 

5.4.2  Dielectric  Ink  Evaluation 

Two  dielectric  inks  (ESL  4608  and  ESL4610)  were  evaluated.  The  4608  and 
4610  materials  have  dielectric  constants  near  8  and  10,  respectively.  All 
other  properties  were  reported  to  be  the  same.  However,  it  was  easier  to 
solder  conductors  printed  on  4610  than  on  4608,  whereas  the  thermal  coeffi¬ 
cient  of  expansion  of  4608  was  more  closely  matched  to  those  of  the  conductor 
inks  and  substrate  used  on  this  program  than  4610.  On  the  basis  of  strength 
and  appearance  of  the  conductor /dielectric  interface,  the  4608  malerial  was 
chosen  over  the  4610. 

Applying  dielectric  as  thick  as  0.  010  inch  on  a  0.  025- inch- thick  substrate, 
in  order  to  reduce  capacitance,  caused  the  substrate  to  bend  due  to  thermal 
expansion  mismatch.  Batch- to- batch  variations  in  thermal  expansion  were 
also  found.  To  control  warpage  of  the  final  product,  dielectric  inks  were 
tested  and  selected  for  use  as  follows.  Ink  lots  which  produced  less  than 
0.  050- inch  deflection  in  the  6-inch  substrate  dimension  were  considered 
acceptable  for  making  five-layer  circuit  bases.  Inks  causing  greater  bowing 
were  used  for  one-  and  two- layer  circuit  bases.  (Bowing  of  up  to  0.  125  inch 
in  the  6- inch  dimension  was  observed  on  occasion.  )  Dielectric  inks  were  used 
as  supplied  by  the  manufacturer,  and  required  no  mixing  or  preparation  at 
MDAC. 

5.4.3  Screen  Printing 

Two  major  problems  were  encountered  in  screen  printing:  (1)  printing  bases 
almost  as  large  as  the  screen,  and  (2)  producing  pinhole- free  multilayer 
bases.  Many  of  the  techniques  of  multilayer  construction  were  developed 
previously  on  the  MDAC  Independent  Research  and  Development  Program. 
Experimental  yields  w  re  roughly  in  the  range  of  60  percent  for  a  2-  by  2- 
inch  substrate  with  three  layers.  Initially  the  yield  of  good  parts  dropped 
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considerably  when  the  area  of  the  substrate  was  increased  to  4  by  6  inches, 
but  through  refinement  of  procedural  controls,  a  yield  of  95  percent  was 
achieved  in  production. 

With  4-  by  6- inch  substrates  and  an  8-  by  10- inch  screen,  nonuniform  screen 
printing  across  the  substrate  was  observed.  When  the  screen  was  adjusted 
to  give  good  prints  in  the  center,  the  edges  would  not  print  properly.  When 
the  edges  were  optimized,  the  center  of  the  pattern  was  spread  out.  When 
the  printing  parameters  were  optimized  to  yield  a  uniformly  good  print  from 
edge  to  center,  a  rough  surface  texture  containing  sharp  peaks  resulted. 

These  peaks  caused  the  formation  of  pinhole  shorts  during  subsequent  firing 
operations. 

Substrate- to- screen  distance  settings  from  0.050  inch  to  zero  (contact  print) 
were  unsuccessful  in  preventing  poor  printing.  Analysis  of  the  manner  of 
operation  of  the  screener  indicated  that  high  screen  tension  was  necessary 
to  provide  a  clean  screen  breakaway.  This  was  provided  by  adding  a  silicone 
rubber  ramp  adjacent  to  the  substrate.  Figure  5-7  depicts  the  ramp  in  opera¬ 
tion.  When  the  ramp  was  used,  pinhole- free  dielectric  layers  were  obtained. 

Shorted  conductors  were  caused  by  printing  conductors  on  top  of  the  dielectric 
with  poor  screening  and  by  printing  conductors  on  top  of  lint  particles.  Fig¬ 
ure  5-8  shows  a  section  of  conductor  removed  from  a  substrate  with  a  pinhole 
short.  Much  of  this  type  of  shorting  was  eliminated  with  the  introduction  of 
the  ramp.  Lint,  the  other  major  cause  of  pinholes,  was  eliminated  by  screen¬ 
ing  in  a  dust-controlled  area  and  substituting  polyurethane  sponge  wipers  for 
cotton  ones.  Figure  5-9  shows  a  conductor  with  this  type  of  short. 

Random  pinholes  due  to  material  inhomogeneity  were  eliminated  by  screening 
two  layers  of  dielectric  between  each  layer  of  conductor.  The  order  of  print¬ 
ing  and  firing  was  found  to  be  important,  and  is  discussed  in  Subsection  5.4.4. 
The  total  print  thickness  was  closely  controlled  to  minimize  warpage  at  the 
thick  extreme  and  interlayer  capacitance  at  the  thin  extreme. 
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SQUEEGEE 


A.  INITIAL  PHASE  OF  PRINTING  CYCLE 


B.  END  OF  PRINTING  CYCLE  SHOWING  RAMP 
INTERACTION  INCREASING  SCREEN  TENSION 


C.  SOUEEGEE-RAMP  INTERACTION  FORCING 
SCREEN  BREAKAWAY 


Figure  5-7.  Schematic  Representation  of  Ramp  Printing 
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(425X) 


Figure  5-9.  S^annl.g  Electron  Micrograph  of  Voidi  and  Bumpt  Left  in  a  Fired  Gold  Conductor  (ESL  8831) 
Due  to  Lint 
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Using  conventional  conductor  ink,  manual  techniques  were  devised  to  form 
conductors  in  prepunched  holes  through  the  alumina  substrate.  A  workable 
consistency  was  obtained  by  drying  the  ink,  grinding  it  to  powder,  and  adding 
small  amounts  of  standard  ink  solvent.  Figure  5-10  shows  a  conductor 
feedthrough  in  a  substrate. 

Initially,  up  to  4  hours  were  required  to  precisely  align  the  screen.  By 
interposing  a  clear  plastic-  film  and  printing  on  it,  alignment  time  was  reduced 
to  15  minutes  and  less  ink  was  wasted.  In  this  method,  the  screen  and  plastic 
film  vere  mounted  solidly  to  the  machine  framework.  The  film  was  mounted 
just  above  the  level  of  the  substrate.  A  print  was  made  on  the  film  with  blank 
substrate  below  it.  The  production  boar-’  was  then  put  in  position  on  the  table, 
adjusted  to  align  the  previously  printed  layers  with  that  on  the  film. 

5.4.4  Processing  Sequence 

Figure  5-11  shows  the  process  sequence  which  was  developed  for  a  typical 
multilayer  base.  The  letters  denoting  the  ordering  are  defined  as  follows: 

C  =  conductor  print  and  dry,  D  =  dielectric  print  and*dry,  V  =  via  fill  and  dry, 
and  F  =  fire.  (For  example,  C-F-D-D-C-F  means  the  first  conductor  was 
printed,  dried,  and  fired;  a  double  printing  of  dielectric  with  drying  between 
prints  followed;  and  finally,  the  second  conductor  was  printed,  dried,  and 
cofired  with  the  dielectric.  )  This  sequence  minimized  warpage,  pinholes, 
and  interlayer  capacitance,  while  maximizing  conductor  adhesion  to  the  sub¬ 
strate.  The  process  sequence  used  produced  boards  of  up  to  five  layers  with 
adhesion  greater  than  the  strength  of  the  alumina  substrate  (i.e.,  capable  of 
pulling  a  piece  out  of  the  substrate  in  tensile  testing). 

Figure  5-12  shows  a  crocs  section  through  a  five- layer  board.  Only  four  of 
the  conductor  layers  passed  through  the  section  plane,  the  first  or  bottom 
one  being  absent.  Figure  5-13  shows  sections  through  typical  vias. 

5.4.5  Solder  Coating 

Once  all  screening  and  firing  processes  and  visual  inspection  were  completed, 
the  circuit  base  was  solder  coated.  The  coat  provided  pretinning  for  subse¬ 
quent  component  attachment  and  acted  as  a  protective  coating  for  the  conductor 
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CONDUCTOR  PAD  SIDE  (20X) 
OBLIQUE  VIEW 
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CROSS-SECTION  VIEW  <35X) 


Figure  5-10.  FMdthrough  Hoia*  in  tha  Substrata  Showing  tha  Gold  Plug  Miking  Connaction  from  tha 
Ground  P*ana  to  tha  Conductor  Pad 
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Back  Sick  Whin  Capacitance  is  Critical 


Figure  5-12.  Merowet ion  of  a  Thick-Film  Multilayer  Showing  Four  of  the  Layers  (200X) 
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Figure  6-13.  Microsection  of  Typical  Vies  in  a  Five-Conductor  Layer  Thick-Film  Multilayer  (200X) 


pads  during  repeated  electrical  probing.  Although  a  number  of  solders  were 
studied,  ordinary  lead- tin  eutectic  solder  proved  the  most  satisfactory  overall. 

Complete  solder- tinning  could  not  be  obtained  without  some  solder  leaching 
(conductors  dissolving  in  solder).  Thicker  conductors  were  more  difficult  to 
tin.  In  the  first  tinning,  the  vias  in  the  flatpack  pads  were  centrally  located 
under  the  pads  and  represented  one-thil*d  of  the  pad  area.  With  each  succes¬ 
sive  solder-dip  operation,  additional  solder  would  adhere  to  the  periphery  of 
the  via  until  the  via  was  bridged  over  with  solder,  leaving  an  untinned  cavity 
under  the  solder.  Also,  with  each  successive  solder-dip  operation,  the  pads 
progressively  leached,  leaving  the  conductors  so  thin  that  they  would  leach 
out  completely  during  subsequent  heating  for  component  attachment. 

Several  approaches  were  taken  to  tin  the  conductor  without  leaching  it.  Pro¬ 
tective  coatings  such  as  plasma- sprayed  copper,  sputtered  copper,  vacuum- 
evaporated  nickel- copper,  and  vacuum- evaporated  nickel  were  unsuccessful, 
as  they  dissolved  in  molten  solder  long  before  the  platinum- gold  pad  was 
leached.  Relocating  vias  from  under  the  pads  increased  the  problem.  The 
vias,  u  like  feedthroughs  on  conventional  printed- wiring  boards,  acted  like 
pillars  or  anchors  and  mechanically  strengthened  the  pad.  During  operations 
where  components  were  removed  and  replaced,  pads  without  vias  were  signif¬ 
icantly  weaker  than  those  with  them. 

A  simple,  two- stage  solder-dipping  operation,  together  with  smaller-diameter 
vias,  provided  the  best  solution.  The  substrate  was  first  immersed  in  a  one- 
to-one  mixture  of  peanut  oil  and  nonactivated  flux  maintained  at  135°C,  and 
then  immersed  in  molten  solder.  Total  immerb.on  time,  and  entry  and  exit 
angles  and  rates  were  closely  controlled.  Solder  temperature  was  held 
below  232° C,  and  the  substrates  were  redipped  only  once.  Vias  not  tinned 
by  dipping  were  later  tinned  carefully  by  hand  with  a  soldering  iron. 

A  more  comprehensive  solution  to  the  solder- leaching  problem  was  to 
strengthen  the  top  conductor  and  dielectric  layers  and  to  improve  the  geo¬ 
metrical  fit- up  between  them.  The  multilayer  board  made  in  this  manner 
was  dubbed  a  "superboard,  "  due  to  its  leach- free  characteristics.  The  super¬ 
board  differed  from  the  others  by  having  a  double- thickness  top  conductor 
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layer  and  a  triple- thickness  top  dielectric  layer  which  was  the  negative,  or 
complement,  of  the  top  conductor  pattern.  Thus,  each  top- layer  conductor 
was  in  a  dielectric  trough.  The  top- layer  processing  sequence  was 
CFCFDDC  with  an  increase  in  furnace  belt  speed.  With  the  standard  process, 
fissuring  was  quite  prevalent  between  vias  and  adjacent  dielectrics  and 
between  the  top  conductor  and  the  via.  Manual  touchup  with  conductor  ink 
was  required  to  overcome  these  potential  defects.  In  the  superboard  process 
no  fissuring  occurred. 

Six  experimental  superboards  were  fabricated,  at  different  times,  with 
difficr.lt  circuits  and  with  otherwise  standard  production  techniques.  These 
boards  all  had  the  same  lea^h-free  characteristics.  Tinning  superboards 
was  more  difficult  than  tinning  regular  boards  because  the  entire  conductor 
surface  exhibited  the  characteristics  of  vias.  This  was  overcome  by  using  a 
prefluxing  step  to  activate  the  surface  before  solder  dipping. 

Preliminary  tests  on  the  superboard  showed  that  leads  could  be  soldered  and 
unsoldered  20  times  with  negligible  conductor  leaching.  Observation  of  pads 
after  20  such  operations  revealed  (under  30-times- scale  magnification)  that 
approximately  2  percent  or  less  of  the  conductor  leached. 

Several  methods  were  tried  to  keep  the  holes  along  one  side  of  the  circuit  base 
clear  of  solder  to  allow  insertion  of  the  ribbon  cable  wires  (see  top  side  of  the 
base  in  Figure  5-6).  The  most  effective  and  economical  was  to  string  32  AWG 
Teflon- insulated  wire  through  the  holes.  The  Teflon  was  not  wetted  by  solder 
and  therefore  the  holes  were  not  bridged  during  tinning. 

5.  5  THICK- FILM  CHIP  RESISTOR  FABRICATION 

Commercially  available  chip  resistors  were  made  with  silver  terminations 
which  dissolved  extremely  easily  in  solder.  Chip  resistors  with  solderable 
platinum- gold  terminations  were  developed  for  UpSTAGE  to  allow  reliable 
soldering. 

The  chip  resistor  structure  and  the  fabrication  sequence  are  shown  in 
Figure  5-14,  Conductor  material  was  coated  around  the  edge  of  the  chip  to 
allow  face-up  mounting  on  a  substrate,  which  allowed  trimming  to  be  done 
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RESISTOR 


LOW  RESISTANCE 


HIGH  RESISTANCE 


STEP  PROCESS 

1  SCREEN  AND  FIRE  RESISTOR  INK 

2  SCREEN  ANO  DRY  CONDUCTOR  TERMINATIONS 

3  BREAK  SNAPSTRATE  SHEET  INTO  STRIPS 

4  DIP  STRIP  EDGE  WITH  CONDUCTOR,  DRY,  AND  FIRE 

6  BREAK  STRIPS  INTO  INDIVIDUAL  CHIPS 

6  SOLDER-DIP  CHIPS 

7  TRIM  CHIPS  TO  RESISTANCE  VALUES 


Figurt  5-14.  Chip  Resistor  Proem  Sequent* 
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after  installation,  and  precluded  trapping  processing  residues  between  the 
resistor  and  circuit  base.  (Under  electrical  power,  residues  in  contact  with 
resistors  can  form  electrolytic  cells,  causing  catastrophic  changes  in 
resistance.  ) 

5.  5.  1  Ink  Selection 

To  permit  final  conductor- dipping  and  firing  to  coat  the  edge  of  the  chip 
without  seriously  affecting  the  resistor  properties,  high- firing-temperature 
inks  (approximately  1,  000°C),  such  as  the  ESL  3800  series  or  EMCA  Firon, 
were  evaluated.  Because  of  availability  and  familiarity,  ESL  3800  resistor 
ink  was  chosen. 

5.5.2  Fabrication  Process 

Resistor  ink  of  the  desired  resistivity  was  screened  onto  scored  substrates 
(snapstrates)  and  fired  first  at  a  peak  temperature  of  1,  000°C.  ESL  conductor 
ink  5800E  was  then  screened  and  dried  but  not  fired.  Before  coating  the  edges 
of  the  resistor  chips,  the  snapstrates  were  broken  at  the  scored  lines  by 
holding  the  sheet  along  the  bottom  edge  and  bending  it.  The  substrates  were 
broken  in  half,  then  in  half  again,  etc.,  until  single  rows  remained. 

The  first  step  in  dipping  the  strips  was  to  prime  the  edges  by  thinning  the 
edge  conductor  ink  to  a  very  thin  consistency  with  butyl  cellusolve  acetate 
(BCA)  solvent.  The  ratio  of  ink  to  solvent  was  approximately  50:50  by  volume. 
The  fluid  conductor  was  used  to  soak  a  gauze  pad.  The  edge  of  .ne  resistor 
strip  was  then  pressed  on  the  pad  to  wet  the  edge  and  dried  with  a  hot-air  gun. 

The  second  step  consisted  of  spreading  the  conductor  ink  (no  thinning  or  only 
very  slight  thinning)  on  a  glass  plate  to  a  thickness  of  approximately  10  mils. 
The  edge  of  the  resistor  strip  was  then  carefully  dipped  into  the  ink  to  coat 
the  edge  and  dried  with  a  hot-air  gun  to  prevent  the  ink  from  running. 

After  dipping  and  drying,  the  strips  were  fired  at  the  standard  conductor 
profile  of  930 °C.  The  strips  were  then  broken  apart  to  form  individual  chip 
resistors,  solder  dipped,  and  trimmed  to  the  required  value. 
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5.  6  ELECTRONIC  ASSEMBLY 

Successful  assembly  of  thick-film  and  epoxy-glass  printed- circuit  boards  with 
flatpack  and  leadless  inverted  device  (LID)  integrated  circuits,  capacitors, 
resistors,  and  other  components  required  development  of  a  number  of  pro¬ 
cesses.  Significant  among  these  processes  were  thermally  conductive 
adhesive  bonding,  soldering,  flexible  circuit  boards,  encapsulation,  and 
associated  static  charge  protection  and  repair. 

5.6.  1  Thermally  Conductive  Adhesive  Bonding 

Conventionally,  components  are  reflow- soldered  to  relatively  small  thick- film 
circuit  bases  which  are  then  mounted  to  carriers  or  heat  sinks.  The  bow  in 
the  completed  UpSTAGE  4-  by  6- inch  multilayer  circuit  bases  had  to  be 
removed  during  bonding  to  the  heat  sinks  because  of  tight  packaging  tolerances 
(±0.  005  inch).  The  pressure  and  bending  necessary  to  do  this  would  have 
damaged  any  components  previously  mounted  and  soldered  to  the  base.  There¬ 
fore,  reflow- soldering  had  to  be  done  after  bonding  the  base  to  the  heat  sink. 
During  initial  attempt;:,  to  reflow- solder  components,  thermal-expansion  mis¬ 
match  between  the  aluminum  heat  sink  and  alumina  thick- film  base  bowed  the 
assembly  and  destroyed  the  adhesive  bond.  The  bowing  was  eliminated  by 
replacing  aluminum  with  molybdenum  as  the  heat- sink  material,  obtaining 
near- perfect  thermal- expans  ion  matching  to  the  alumina  thick- film  base.  In 
addition,  the  very  high  elastic  modulus  of  molybdenum  ensured  flatness  of 
the  bonded  assembly.  In  cases  where  the  molybdenum  heat  sinks  were  not 
received  with  the  required  flatness,  they  were  heated  to  150°  to  400°F  and 
flattened. 

Candidate  adhesives  were  chosen  for  thermal  conductivity  properties.  The 
most  promising  materials  were  then  evaluated  for  application  properties, 
especially  for  meeting  the  0.003-inch  maximum  bond  line  requirement.  The 
following  adhesives  were  evaluated  in  detail  for  use  in  bonding  flatpack  devices 
and  thick- film  bases:.  Eccosil  4852,  PR  1913-2,  Duroseal,  DC  96-044,  and 
Eccobond  285.  It  was  found  that  all  the  properties  desired  were  obtainable 
with  Eccosil  4852.  MDAC  Report  MP  51,  831  (contained  in  Appendix  C  of 
this  report)  includes  details  of  the  tests  which  led  to  the  selection  of 
Eccosil  4852. 
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Primed  aluminum  surfaces  gave  bond  shear  strengths  of  150  to  300  Ib/in.  . 
These  were  considered  adequate.  When  the  heat  sink  was  changed  to  molyb¬ 
denum,  the  strength  values  were  redetermined.  All  candidate  surface  treat¬ 
ments  (etching,  grit-blasting,  and  solvent  wipe)  gave  lap  shear  strengths  of 
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between  500  and  600  lb/tn.  .  Therefore,  trich  oroethane  wiping  was  chosen 
as  the  most  economical  method  of  surface  treatment  for  the  molybdenum  heat 
sink. 

Maximum  adhesion  was  ensured  by  using  a  silicone  primer  on  the  heat- sink 
and  circuit-base  bonding  surfaces.  Because  of  the  desire  to  remove  and 
replace  flatpack  devices,  no  primer  was  applied  to  their  surfaces.  The 
required  thermal  contact  was  thereby  obtained  without  much  adhesion. 

A  thin,  uniform  layer  of  adhesive  was  required  for  optimum  heat  transfer, 
strength,  and  minimum  package  height.  A  0.  003- inch  maximum  bond  line 
between  heat- sink  and  base  was  obtained  by  applying  adhesive  to  the  surface 
of  the  thick- film  base,  uoing  a  325- mesh  screen.  The  heat  sink  and  base 
were  held  together  in  a  vacuum  bag  for  the  16-hour  cure.  Sufficient  pressure 
was  applied  by  this  technique  to  ensure  that  the  base  was  held  flat  against 
the  rigid  heat  sink. 

Screening  was  not  practical  for  applying  the  adhesive  between  the  circuit 
base  and  the  components  to  be  mounted  with  it.  The  pot  life  or  working  time 
of  the  material  (approximately  2  hours)  was  too  short  to  place  all  the  com¬ 
ponents  in  their  places  on  top  of  the  screened- on  material,  and  the  circuit- 
base  surface  was  too  irregular  for  screening.  Therefore,  bonding  of  flatpack 
integrated  circuits  and  small,  hybrid,  thick- film  circuits  onto  the  multilayer 
thick-film  circuit  bases  was  achieved  by  painting.  The  adhesive  was  thinned 
to  make  it  brushable.  It  was  painted  on  both  surfaces  to  ensure  complete 
wetting.  The  thickness  of  the  adhesive  was  checked  on  the  circuit  base  with 
a  wet- film  gage  to  ensure  proper  thickness.  The  component  body  was  given 
only  a  very  thin  coat. 

Initial  adhesive  bonds  had  voids  ranging  from  pinholes  to  1  -  inch- diameter 
holes.;  Ultrasonic  and  liquid- crystal  nondestructive  test  techniques  vrr  e  tried 
in  attempts  to  nondestructively  detect  the  voids.;  Neither  technique  was 
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capable  of  detecting  voids  less  than  1/2  inch  in  diameter.  Liquid  crystals 
were  not  sensitive  enough  because  of  the  circuitry  ridges  caused  by  ink 
buildup  and  solder  on  the  circuit-base  top  surface,  and  because  of  the  high 
thermal  conductivity  of  the  materials.  Ultrasonic  flaw  detection  was  com¬ 
plicated  by  responses  from  the  molybdenum  heat  sink  in  addition  to  those 
from  the  adhesive  layer.  It  was  found  that  precoating  both  surfaces  to  be 
bonded  together  was  adequate  to  eliminate  all  but  the  smallest  voids.  Thermal 
measurements  made  on  production  assemblies  indicated  that  the  bonding 
provided  adequate  thermal  transfer  despite  the  presence  of  small  voids. 

5.  6.  2  Electrical  Interconnections 

The  two  major  electronic  packages,  the  GCU  and  CEU,  each  had  three  levels 
of  interconnections:;  (1)  the  components  connected  to  printed- wiring  boards 
and  thick- film  circuit  bases,  (2)  the  boards  and  circuit  bases  interconnected 
by  means  of  a  flexible- rigid  multilayer  printed- wiring  board,  and  (3)  the 
entire  assembly  connected  to  the  rest  of  the  vehicle  wiring. 

Chip  resistors  and  chip  capacitors  were  reflow- soldered  to  the  circuit  base/ 
heat- sink  assembly.  The  presence  of  the  heat  sink  increased  the  time  required 
to  heat  and  cool  the  assembly.  Capacitors  whose  contact  lands  were  longer 
than  0.  1  inch  required  a  small  wire  preform  on  each  end  to  provide  an  ade¬ 
quate  fillet;  all  smaller  components  had  enough  solder  available  from 
pretinning  operations. 

Heat  sensitivity  of  the  MOS  integrated  circuits  (IC's)  would  not  allow  them  to 
be  reflow- soldered.  Normally  the  leads  of  an  IC  would  be  preformed,  placed 
on  the  substrate,  and  reflow- soldered  with  the  other  components;  but  the  ther¬ 
mal  mass  of  the  circuit  base /heat- sink  assembly  was  too  large  and  the  flat- 
packs  were  in  excellent  thermal  contact  with  the  board. 

The  process  sequence  used  for  these  components  was  to  preform  and  trim 
the  leads,  then  bond  the  component  to  the  circuit  base.  After  the  1 6- hr  cure 
for  the  adhesive,  the  assembly  was  put  on  a  heated  stage  controlled  at  140°F 
and  the  leads  soldered  individually  with  a  controlled- temperature  soldering 
iron.  The  iron  used  was  a  I7w  iron  with  tip  temperature  controlled  at  600° 
to  b50°F.  The  small  tip  used  further  limited  the  heat  flow  to  allow  the 
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operator  to  make  a  good  joint  and  remove  the  iron  before  excessive  heat  was 
applied.  A  completed  4-  by  6- inch  multilayer  circuit,  with  flatpacks  bonded 
and  soldered  in  place,  is  shown  in  Figure  5-15. 

Figure  5-16  shows  a  completed  GCU  assembly  with  the  flexible- rigid  board 
shown.  The  flexible-rigid  board  was  so  named  because  it  contained  two  rigid 
sections  connected  with  a  flexible  section.  The  top  rigid  section  contained 
components  and  circuit  sockets  for  wire  connections.  The  individual  circuit 
assemblies  were  connected  to  the  circuit  sockets  on  the  other  rigid  portion 
of  the  board  by  flexible  cables.  The  flexible  section  contained  four  conductor 
layers  and  permitted  the  board  to  wrap  around  the  top  and  side  of  the  stack. 

The  initial  design  was  to  make  two-sided  flexible  circuits  and  bond  them 
together.  However,  adequate  registration  was  so  difficult  to  obtain  with  this 
approach  that  it  had  to  be  abandoned  in  favor  of  conventional  multilayer 
techniques. 

The  thin  laminate  material  was  0.  002- inch- thick  Kapton*  film  with  1-oz 
copper  on  both  sides  of  it.  After  the  inner- layer  circuitry  was  etched  the 
flexible  area  was  covered  with  a  0.  001- Inch- thick  Kapton  film  for  insulation. 
A  rigid  Cimboard- 1 1  sheet  with  an  oblong  hole  cutout  (to  provide  the  flexible 
joint)  was  bonded  between  the  two  Kapton  sheets  with  a  no- flow,  epoxy,  B- 
stage  prepreg.  The  no- flow  characteristic  was  used  to  keep  the  flexible  area 
free  of  resin.  The  holes  in  the  rigid  areas  were  drilled  and  through-hole 
plated.  A  mask  was  used  over  the  flexible  area  to  prevent  copper  thickness 
buildup.  Solder- plating  and  copper- stripping  were  done  routinely.  The 
solder  plate  was  then  stripped  from  the  flexible  area,  and  a  Kapton  film 
bonded  on  the  area. 

The  Cimboard  filler  was  sealed  around  the  flexible  area  during  all  processing 
to  prevent  solutions  from  damaging  the  inner  exposed  conductors.  The  cutout 
presented  some  difficulties  in  photoresist  exposure.  The  laminate  material 
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sagged  into  the  hole,  presenting  a  nonuniform  surface  which  the  film  positive 
did  not  contact  well.  This  problem  was  solved  by  touching  up  the  part  after 
photoresist  developing. 

Poor  centering  of  the  artwork  on  the  panel  caused  the  copper- plating  thickness 
to  vary  across  the  board.  Portions  of  the  board  were  over- etched  in  order 
to  completely  etch  other  portions.  The  over- etched  portions  had  solder 
hanging  over  the  edges  which  broke  off  later  in  assembly.  These  solder 
slivers  were  potential  shorts.  The  artwork  was  remade  to  minimize  the 
nonuniform  plating. 

Adhesion  of  the  copper  to  the  Kapton  was  a  constant  source  of  trouble.  A 
number  of  boards  manufactured  from  inferior  material  (low  peel  strength 
between  copper  and  Kapton)  delaminated  at  the  Kapton-copper  interface  dur¬ 
ing  manufacture,  especially  during  drilling.  A  manageable  solution  was  to 
ensure  good  raw  material  by  selection  on  a  lot  basis.  Peel  strength  tests  and 
hot  peanout  oil  immersion  (475  aF  for  20  sec)  were  used  to  determine  the 
acceptability  of  each  lot  of  material. 

5.6.3  Encapsulation 

The  approach  to  ruggedness  with  minimum  weight  was  implemented  by  using 
conformal  coating  and  foam  encapsulant  to  fill  the  space  between  circuit 
assemblies  in  each  electronic  package.  The  only  exception  to  this  was  the 
signal- conditioning  module  which  was  mounted  on  the  back  of  a  connector 
and  encapsulated  in  a  thermally  conductive  epoxy. 

Organic  chemicals  were  known  to  cause  drift  in  the  resistivity  of  thick- film 
resistors.  An  extensive  study  indicated  that  silicone  resins  were  less 
damaging  to  resistors  .han  epoxy  or  polyurethane  resins.*  Each  printed- 
circuit  board  and  thick  film  circuit  base  was  coated  with  silicone  resin  to  a 
minimum  thickness  of  0.010  inch.  This  gave  adequate  protection  to  the  thick- 
film  resistors;  however,  it  was  found  that  traces  of  residual  solder  flux  or 


Refer  to  Report  MP  51,  978,  contained  in  Appendix  C  of  this  report. 
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certain  other  process  solvents  inhibited  cure  of  the  resin,  leaving  it  as  a 
low- viscosity,  oily  material.  Thorough  cleaning  to  remove  solder  flux  and 
increasing  cure  temperature  to  180°F  alleviated  this  inhibition  problem. 

The  accelerated  cure  cycle  decreased  the  time  that  the  sensitive  polymer 
component  was  exposed  to  contaminating  materials. 

Foaming  the  narrow  spaces  between  circuit  assemblies  required  each  mold 
to  be  calibrated  for  determining  the  amount  of  foam  required  to  properly 
fill  the  cavity.  Thick- film  modules  were  foamed  only  on  the  side  containing 
components.  Printed- wiring  boards  were  foamed  on  both  sides.  Both  sides 
of  the  boards  were  foamed  at  the  same  time,  but  the  unequal  thicknesses  of 
foam  on  the  two  sides  caused  the  boards’ to  warp.  Polyurethane  foam  shims 
were  positioned  on  the  thin  side  before  foaming  to  maintain  flatness.  The 
foam  shims  were  the  same  density  as  the  rest  of  the  foam  and  bonded  readily 
to  it.  The  silicone  conformal  coating  covering  the  components  was  primed 
with  a  silicone  adhesive  to  promote  adhesion  to  the  foam.  Without  the  adhe¬ 
sive,  the  foam  would  not  stick  to  the  conformal  coating. 

5.6.4  Static  Charge  Control 

The  electronic  assemblies  utilized  a  large  number  of  MOS  integrated-circuit 
devices.  These  devices  can  be  electrically  destroyed  by  application  of  uncon¬ 
trolled  static  charge  buildup.  Sta'ic  charge  was  measured  on  personnel 
handling  devices  in  all  phases  of  manufacturing.  It  was  also  shown  that  con¬ 
siderable  static  charge  was  built  up  during  the  foaming  operation.  This 
hazard  was  recognized  early  in  the  program,  and  standard  procedures  in 
use  at  MDAC  were  employed  to  protect  electronic  parts  and  assemblies  from 
static  charge  damage. 

The  major  static  charge  problem  encountered  on  UpSTAGE  was  the  protection 
of  thick-film  assemblies.  Previously,  shorted  connectors,  conductive  tape, 
or  26  AWG  tinned  copper  wire  had  been  employed  at  MDAC  for  the  shorting 
of  internal  circuitry  and  external  grounding  of  printed  epoxy- glass  wiring 
boards.  The  same  techniques  were  not  suitable  for  UpSTAGE  thick- film 
assemblies.  The  wire  was  too  stiff  and  only  provided  a  point  contact  when 
attached  to  thick- film  circuit- base  contact  pads.  The  conductive  tape  did  nut 
have  enough  adhesive  strength  to  cover  the  narrow  width  of  the  circuit  base 
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pads  and  during  processing  steps,  it  would  lose  contact  with  the  circuitry. 

The  conductive  tape  also  had  the  disadvantage  of  losing  its  conductivity  when 
removed  and  reapplied.  The  solution  was  to  hold  a  narrow,  0.002- inch- 
thick  ribbon  of  aluminum  foil  in  place  over  the  thick- film  pads  with  conductive 
tape  and  extend  it  beyond  the  circuitry  for  external  grounding  purposes. 

5.6.5  Repair  Techniques 

Replacement  of  LID  components  at  any  time  prior  to  encapsulation  was  done 
by  heating  the  circuit  base /heat  sink  assembly  locally.  Heat  was  supplied  by 
either  a  hot-air  jet  impinging  on  the  bottom  of  the  assembly  or  a  pair  of  small 
soldering  irons  from  the  top.  Similar  heating  methods  were  used  to  reattach 
the  replacement  part. 

When  a  flatpack  was  known  to  be  defective,  its  leads  were  cut  with  an  Exacto 
blade  at  the  edge  of  the  component  body.  The  leads  were  held  onto  the  cir¬ 
cuit  pads  with  a  stiff  rubber  block  during  fhis  operation  to  minimize  forces 
applied  to  the  pads. 

Many  circuit  changes  were  made  on  circuit  bases  by  insulating  flatpack  pads 
from  their  circuit  pads  and  connecting  them  elsewhere  on  the  substrate  by  a 
30  AWG  jumper  wire.  All  jumper  wires  were  bonded  to  the  circuit  base 
with  adhesive  for  mechanical  strength. 

5.  7  PROBLEMS  AND  SOLUTICt.fi 


A  number  of  technical  problems  encountered  and  solutions  found  in  developing 
electronic  manufacturing  processes  are  summarized  below: 


Problem 

Solution 

Poor  control  of  automatic  drafting 
pen  produced  poor-quality  drawings 
for  photomasters. 

Developed  improved  pen  mechanism. 

As- received  4-  by  6-inch-thick  film 
substrates  were  too  warped  for  use. 

Annealed  substrates  with  load  applied 
to  flatten  them. 

Five-layer  thick- film  bases  were 
bowed  afcer  circuit  printing  and 
firing  were  completed. 

Used  annealed  substrates  and  batches 
of  dielectric  ink  selected  for  best 
thermal  expansion  match. 
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Problem 


Solution 


Pinho’os  caused  shorting  between 
conductor  layers  in  thick- film 
multilayer  substrates. 

Lint  caused  interlayer  shorts  on 
thick- film  multilayer  substrates. 


Thick- film  circuit  interlayer  capac¬ 
itance  was  too  high  for  digital 
circuit  components. 

Thick- film  circuit  printing  setup 
time  required  up  to  4  hr  per  layer 
and  used  too  much  precious  ink. 

Thick- film  conductors  were  dis¬ 
solved  by  the  solder  during  attempts 
to  obtain  uniform  tinning. 

Aluminum  heat  sink  bowed  when 
bonded  to  bowed  alumina  thick- film 
base  and  debonded  from  base  during 
reflow-solder  operation. 

Molybdenum  heaf«sink  material 
was  not  flat  enough. 

Voids  were  present  in  thermo- 
conductive  adhesive  between  circuit 
base  and  heat  sink,  and  between 
flatpacks  and  circuit  base. 

Thermoconductive  adhesive  set  up 
too  fast  for  applying  large  number 
of  flatpacks  to  thick-film  circuit 
base. 

Flexible -rigid  PC  board  delami¬ 
nated  during  drilling. 


Sylgard  182  conformal  coating 
cure  was  inhibited  by  contaminants. 


Modified  screen  printer  by  adding  a 
ramp  to  provide  better  screen  break- 
awav,  and  printed  two  dielectric  layers 
between  conductor  layers. 

Replaced  paper  wipers  with  polyurethane 
foam  wipers  and  moved  the  screen 
printers  to  a  dust- controlled  environ¬ 
ment. 

Moved  ground  plane  to  back  side  of 
thick- film  substrate  and  increased 
thickness  of  interlayer  dielectric. 

Added  plastic  "screen-on"  template  to 
screener.  This  reduced  alignment 
time  to  15  minutes  and  reduced  ink 
amount  to  that  needed  for  one  printing. 

Developed  two-step  preheat- flux  pro¬ 
cess  and  limited  solde  *  dip  to  two 
times. 

Replaced  aluminum  with  a  stiffer 
material  (molybdenum)  hav:ng  coeffi¬ 
cient  of  thermal  expansion  closer  to 
alumina. 

Flattened  by  plastic  deformation  at 
150°  to  400°F. 

Reduced  size  and  number  of  voids  to 
an  acceptable  level  by  applying  adhesive 
to  both  surfaces. 

Diluted  adhesive  with  small  amount  of 
solven!  to  extend  work  life. 


Selected  lots  of  material  after 
acceptance  (peel  strength  and  hot 
peanut  oil  immersion)  tests  to  ensure 
adequate  bonding  of  copper  laminate 
to  Kapton. 

Removed  solder  flux  residue  more 
thoroughly  and  accelerated  resin  cure 
by  curing  at  180°F. 
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Problem 

Solution 

Printed- wiring-board  assemblies 
warped  during  two-sided  foaming 
operations. 

Shimmed  the  thin  side  to  keep  them 
flat. 

Conductive  shorting  tape  left 
residue  in  holes  of  solder  pads 
after  temperature  cycling  and  had 
poor  adhesion  to  small  pads. 

Usee  narrow  strip  of  0.  002- inch-thick 
aluminum  foil  held  in  place  with  con¬ 
ductive  tape. 

Removal  of  defective  flatpacks 
caused  damage  to  circuit  base. 

Cut  flatpack  leads  at  component  body 
while  supporting  solder  joint  and 
removed  leads  cue  at  a  time;  used 

30  AW G  wire  jumpers  (with  suitable 
anchoring)  to  bypass  damaged  chick- 
film  pads. 

5.8  CONCLUSIONS  AND  RECOMMENDATIONS 

Major  advancements  were  made  in  the  areas  of  computer-aided  artwork 
preparation  and  in  fabrication  of  large,  ceramic,  thick- film,  multilayer 
circuit  bases.  Automated  artwork  preparation  was  begun  and  developed  to 
a  state  of  practicability  at  MD.iC  during  this  program.  The  system  was  not 
complex  and  it  reduced  the  human  layout  effort  to  positioning  the  electronic 
packages  on  the  circuit  and  drawing  the  interconnections.  The  system  was 
developed  for  multilayer  thick- film  circuits  but  should  be  applicable  to  two- 
sided  or  multilayer  printed  wiring  boards  (made  of  reinforced  plastic)  with 
greatly  increased  speed  and  accuracy.  The  methods  used  for  thick- film  bases 
should  be  adapted  to  printed- wiring  boards.  Subsequently,  quality,  cost,  and 
time  of  automated  drafting  should  be  compared  with  conventional  (manual) 
methods. 

Successful  manufacture  of  4-  by  6- inch,  two-sided,  thick- film  multilayer 
ceramic  circuits  was  demonstrated. 

The  number  of  layers  possible  in  multilayer  structure  is  limited  by  the 
amount  of  bow  introduced  in  the  substrate  by  thermal  expansion  mismatch. 

The  dielectric  inks  used  in  thick- film  multilayer  fabrication  should  be  studied 
to  determine  methods  for  improving  and/or  controlling  thermal  expansion 
coefficient  from  batch  to  batch.  Using  inks  with  controlled  thermal  expansion, 
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prototype  circuitry  should  be  made  to  explore  the  limits  of  fabrication  in  terms 
of  number  of  layers.  Barring  a  significant  improvement  in  thermal  expansion 
match,  future  thick- film  bases  should  be  made  from  thicker  alumina  sub¬ 
strates.  In  addition,  large,  thin  substrates  should  be  annealed  to  relieve 
stresses  and  obtain  a  high  degree  of  flatness  prior  to  initial  ink  printing. 

The  solder  leach  resistance  of  the  superboard  indicates  that  component 
changes  and  repairs  are  possible  more  times  on  thick- film  bases  than  on 
epoxy-based  multilayer  boards.  This  feature  may  be  increasingly  Important 
in  future  programs,  e.g.,  where  alterable  read- only- memories  (ROM's) 
will  have  to  be  removed  and  replaced  due  to  changing  mission  requirements. 
Further  tests  should  be  conducted  to  determine  the  number  of  solder  repairs 
that  can  be  performed  on  multilayer  superboards. 

Susceptibility  of  conductor  pads  to  peeling  damage  during  assembly  operations 
was  eliminated  by  proper  cushioning,  improved  harness  flexibility,  and 
reasonable  care  in  handling. 

Experience  gained  in  the  area  of  flexible- rigid  PC  board  technology  points 
to  the  need  for  copper /Kapton  laminated  material  having  reliably  higher 
peel  strength.  Improved  lamination  methods  should  be  developed  and  tested 
for  repeatability. 
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Section  6 

EXTERNAL  HEAT  SHIELD  INSULATION 

Special  processes  were  developed  to  produce  thin,  close-tolerance  insulation 
to  protect  critical  external  regions  of  the  UpSTAGE  vehicle  from  aerodynamic 
heating. 

On  the  first  stage  (booster),  high- silica/ phenolic  (high-silica  fabric  impreg¬ 
nated  with  phenolic  resin)  insulation  was  cured  and  bonded  simultaneously  on 
the  fins.  Other  external  booster  and  interstage  surfaces  requiring  insulation 
were  covered  with  adhesive- bonded  cork,  fiber  glass,  and  Teflon;  or  with 
sprayed-epoxy  ablative  insulation,  using  well-known,  conventional  manufac¬ 
turing  techniques. 

The  second-stage  surface,  except  for  the  tungsten/ 2-percent-thoria  nose  tip, 
was  covered  with  a  high- silica/ phenolic  heat  shield.  The  heat  shield  thickness 
was  0.  050  inch  except  in  the  aft  controls  region  (Stations  88  to  107)  on  and 
around  the  EB  fuel  injectors  (finlets).  Finlet  insulation  was  precision-molded, 
chiefly  from  chopped  high- silica/ phenolic  material,  and  subsequently  bonded 
to  the  individual  finlet  cores,  using  conventional  bonding  techniques.  Specially 
woven  0.  100-inch-thick  high- silica/ phenolic  was  applied  to  the  missile  surface 
in  the  region  of  the  finlets  (EB  vehicle  only)  by  the  method  developed  for  the 
forward  heat  shield.  The  aft  face  of  the  second  stage  was  covered  with  con¬ 
ventional  sprayed-epoxy  ablative  insulation.  The  aft  control  section  of  the 
JI  vehicle  was  protected  with  a  single  layer  of  0.  050-inch-thick  high- silica/ 
phenolic,  and  additional  epoxy- ablative  insulation  was  troweled  onto  the  region 
of  the  JI  nozzle  ports. 

6.  1  REQUIREMENTS 

The  foremost  requirement  for  all  external  heat  shield  insulation  processes 
was  that  they  produce  bonded  insulation  capable  of  withstanding  the  UpSTAGE 
flight  environment.  Aerothermodynamic  requirements,  as  well  as  tests  and 
analyses  which  were  conducted  to  verify  the  flightworthiness  of  the  insulation, 
are  reported  in  Reference  6-1.  Other  requirements  are  discussed  herein. 
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To  minimize  heat  shield  weight,  the  high- silica/ phenolic  insulation  on  the 
second  stage  was  required  to  be  relatively  thin  (0.  050  inch  thick  forward  of 
Station  88  and  0.  100  inch  from  EB  Stations  91  to  107,  with  a  straight  taper  in 
thickness  from  Stations  88  to  91),  and  the  tolerance  on  thickness  was  set  at 
±0.010  inch.  The  high-silica/phenolic  insulation  on  the  first-stage  fins  was 
required  to  be  0.  100  ±0.  020  inch  thick  in  the  vicinity  of  the  yaw  fin  leading 
edge  and  0.  050  ±0.  010  inch  thick  on  all  other  fin  surfaces. 

During  curing  and  bonding  processes,  the  heat-treated  aluminum  missile 
structure  was  not  allowed  to  be  exposed  to  temperatures  above  300°F,  and 
total  time  at  temperature  was  set  at  10  hours  maximum.  Forces  due  to 
autoclave  pressure  plus  vacuum  bagging  were  capable,  in  some  cases,  of 
damaging  the  substructure  at  300°F.  Accordingly,  limits  were  set  on  auto¬ 
clave  pressure  (typically  15  psig  or  30  psig)  for  each  missile  section  depend¬ 
ing  upon  its  individual  load-bearing  capacity. 

After  curing,  the  heat  shield  density  was  required  to  be  95  pcf  or  more,  and 
the  largest  allowable  unbond  area  was  set  at  0.  5  inch.  Aerodynamic  shear 
stresses  on  the  adhesive  bond  were  approximately  1  psi  at  300°F. 

Finlet  insulation  on  the  EB  vehicles  was  required  to  cover  the  core  with  three 
pieces  (Figure  6-1).  A  cap  covered  the  leading  edge,  sides,  and  back  face; 
a  small  sliver  filled  the  cavity  under  the  forward  nose  of  the  cap;'  and  a 
slotted  disk  covered  the  base  of  the  finlet,  blending  in  with  the  skin  contour. 
The  cured  high- silica/ phenolic  was  required  to  have  a  density  of  100  pcf  or 
more  and  to  be  radiographically  sound  with  respect  to  voids,  cracks,  and 
resin-rich  areas.  Insulation  for  approximately  120  finlets  was  required  for 
EB  flight  vehicles,  tests,  and  spares.  Dimensional  requirements  for  the  cap 
were  typical:,  2.  7-inch  length,  0,  100-inch  wall  thickness,  and  a  ±0,  0025-inch 
tolerance  on  most  dimensions. 

External  insulation  in  the  nozzle  region  on  me  JI  vehicles  was  conventional 
epoxy- ablative  insulation,  applied  by  troweling. 
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6.  2  APPROACH  AND  CONSTRAINTS 


6.  2. 1  Forward  Heat  Shield 

Two  fabrication  methods  were  considered  as  candidates  for  development. 

The  first,  tape-wrapping,  would  require  complex  controls  during  wrapping 
and  subsequent  machining,  and  would  present  additional  problems  in  thick¬ 
ness  inspection  for  such  a  thin  heat  shield.  The  second  method  considered 
was  to  drape  a  single  layer  of  prepreg  (high- silica  fabric  preimpregnated 
with  uncured  phenolic  resin)  over  the  vehicle  skin  or  a  mandrel  and  then 
cure  the  heat  shield.  This  approach  took  advantage  of  the  thinness  of  the 
heat  shield  and  was  easily  applied  to  an  elliptical  shape.  However,  it  posed 
two  possible  problems:  (1)  a  complete  cure  of  the  prepreg  might  require 
temperatures  above  300°  F  to  achieve  the  required  density,  and  (2)  a  flight- 
worthy  longitudinal  joint  was  required  to  terminate  the  draped  cloth  edges. 

Two  sequences  of  adhesive  bonding  the  heat  shield  were  considered  — bonding 
after  heat  shield  cure,  and  bonding  during  heat  shield  cure.  The  latter 
sequence  was  chosen  because  it  ensured  geometrical  fit  between  the  vehicle 
skin  and  the  flexible  uncured  heat  shield  during  layup;  eliminated  handling 
problems  associated  with  a  thin,  fragile,  cured  heat  shield;  and  greatly 
reduced  the  tooling  and  time  required  for  manufacturing.  However,  in  order 
to  implement  the  simultaneous  cure  method  (curing  heat  shield  and  adhesive 
simultaneously),  it  was  necessary  to  determine  the  compatibility  of  candidate 
adhesives  with  the  high- silica/ phenolic  during  the  300°  F  cure  cycle.  These 
compatibility  tests  were  conducted  as  the  first  task  of  the  process  development 
program. 

Process  development  for  the  forward  heat  shield  was  divided  into  three  steps: 
(1)  preliminary  testing,  (2)  process  verification,  and  (3)  process  modification. 
The  objectives  of  the  first  step  were  to  select  process  parameters  and  com¬ 
patible  processing  materials  and  to  demonstrate  the  feasibility  of  the  selected 
process.  The  second  step  was  intended  to  verify  the  producibility  of  the 
selected  process  by  insulating  full-scale  UpSTAGE  test  structures.  The 
third  step,  process  modification,  was  later  required  to  reduce  the  amount 
of  heat  shield  rework  by  simplifying  the  vacuum-bagging  procedure. 
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6.  2.  2  Aft  Heat  Shield 

As  with  the  forward  heat  shield,  the  process  selected  for  the  aft  heat  shield 
involved  simultaneous  cure  of  a  single  ply  of  high- silica/ phenolic  fabric 
draped  over  adhesive-covered  structural  skins.  Because  the  EB  aft  heat 
shield  was  required  to  be  0.  050  to  0.  100  inch  thick,  and  the  thickest  available 
prepreg  was  0.  050  inch  thick,  it  was  necessary  to  procure  a  quantity  of 
custom-woven  high- silica  cloth  and  have  it  preimpregnated  with  phenolic 
resin  to  obtain  0.  100-inch-thick  prepreg. 

After  acceptable  material  was  procured,  a  full-scale  test  structure  simulating 
the  second- stage  aft  control  section  (Stations  88  to  107)  was  insulated  to  verify 
producibility  of  the  simultaneous  cure  process.  The  thickness  taper  from 
0.  050  to  0.  100  inch  was  produced  by  conventional  machining  techniques. 

Process  modifications  to  improve  the  vacuum-bagging  procedure  were 
employed  for  insulation  of  the  last  two  (JI)  vehicles,  with  0.  050-inch-thick 
material.  These  modifications  included  elimination  of  foreign  sealants. 

(Refer  to  Sections  6.  3.  2  and  6.  4  for  a  discussion  of  the  modified  process.  ) 

6.  2.  3  Booster  Fin  Heat  Shield 

To  obtain  0.  1  00-inch- thick  leading-edge  insulation  adjacent  to  0.  050-inch- 
thick  side- panel  insulation,  both  composed  of  high- silica/ phenolic,  two 
approaches  were  considered:'  (1)  a  separate  leading-edge  insulation  piece 
made  from  precured  high- silica/ phenolic  or  made  from  0.  100-inch-thick 
prepreg  (simultaneously  cured  and  bonded),  or  (2)  a  preplaced  strip  of 
0.  050-inch  thick  prepreg  covered  by  a  continuous  layer  of  0/050-inch-thick 
prepreg  covering  the  side  panels  also.  The  second  approach  was  selected 
because  it  eliminated  the  need  for  a  joint  between  the  leading  edge  and  side 
panels  and  was  more  easily  produced,  and  because  the  relatively  weak  bond 
between  the  two  layers  was  not  exposed  to  erosion  or  high  stress  during  flight. 
As  with  the  second- stage  heat  shield,  full-scale  test  parts  were  insulated  to 
develop  detailed  processing  techniques  for  the  simultaneous  cure  process. 


6.2.4  Finlet  Insulation 

Preliminary  tests  on  the  MDAC  Aeroder  (Reference  6-2)  had  demonstrated 
that  v-ith  proper  ply  orientation,  quartz/phenolic,  pre- cured  in  block  form, 
offered  the  best  resistance  to  erosion.  However,  high-silica/phenolic, 
molded  from  chopped  prepreg,  was  found  to  be  acceptable  also,  based  upon 
an  aerothermodynamic  analysis  of  available  data.  Molding  was  chosen  for 
development  because  it  appeared  the  most  economical  and  reproducible  way 
to  make  the  finlet  insulation  pieces,  given  the  geometry,  tolerance,  and 
quantity  requirements.  Initially,  a  simple  mold  was  made,  approximating 
the  size  and  shape  of  the  cap  (the  most  difficult  part  to  mold).  This  test 
mold  was  used  to  establish  the  molding  pressures,  temperatures,  material 
preparation,  etc.  ,  which  would  produce  molded  parts  of  the  required  density 
and  soundness.  Experience  gained  in  these  molding  tests  was  applied  in 
designing  the  final  production  molds. 

6.  3  FORWARD  HEAT  SHIELD  DEVELOPMENT 

6.  3.  1  Subscale  Tests 

Five  candidate  adhesives  were  used  to  bond  high- silica/phenolic  prepreg  to 
6-  by  6-  by  0.  250-inch  aluminum  plates.  Prior  to  bonding,  each  plate  was 
cleaned  and  primed  in  a  similar  manner.  Each  assembly  was  bagge  I  and  a 
vacuum  ot  28  inches  Hg  was  applied.  The  assemblies  were  then  cured  for 
3  hours  at  300°F  in  the  autoclave  at  50  psig,  cooled  to  150°F,  and  the  pres¬ 
sure  removed.  Jhe  purpose  was  to  determine  which  adhesive  was  best  suited 
for  simultaneous  curing  with  high-silica/phenolic  at  300°F. 

Subscale  circular  aluminum  cylinders,  approximately  6  inches  in  diameter, 
were  covered  with  insulation  and  cured  using  the  four  most  promising 
adhesive  materials  from  the  initial  plate  screening  tests.  Cylinders  were 
insulated  using  a  butt-splice  and  a  single  overlap  joint  for  each  adhesive 
used.  The  metal  cylinders  were  cleaned,  primed,  and  cured  in  the  same 


^Details  of  subscale  tests  appear  in  Report  MP  51,  564,  in  Appendix  D. 
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manner  as  were  the  plates.  It  was  determined  that  a  layer  of  rubber  foam 
inserted  between  the  vacuum  bag  and  bleeder  was  required  to  eliminate 
wrinkling  on  the  test  cylinders.  Each  test  cylinder  was  nondestructively 
tested  for  voids  in  the  adhesive  bondline  using  the  immersion  ultrasonic 
through-transmission  technique.  Based  on  the  test  results,  a  nitrile  phenolic 
film  adhesive  (AF31)  was  selected  for  further  evaluation. 

Because  both  the  high-silica/phenolic  and  the  AF31  film  adhesive  are  nor¬ 
mally  cured  above  300°F,  tests  were  conducted  to  verify  that  a  cure  cycle  of 
3  hours  at  300° F  would  completely  cure  the  materials  to  a  stable  state. 

The  test  methods  included  thermogravimetric  and  thermomechanical  analysis, 
and  vibrating  reed  (dynamic  modulus)  analysis.  The  results  of  these  tests 
(which  appear  in  Reports  MP  51,736  and  MP  51,731,  respectively,  in 
Appendix  D  of  this  report.)  we^e  compared  with  existing  data  for  higher- 
temperature  cure  cycles  and  verified  the  adequacy  of  the  300°F  cure  for 
3  hours. 

Using  the  techniques  developed  during  the  plate  and  6-inch-cylinder  tests, 
a  riveted  elliptical  cylinder  71  inches  in  circumference  was  insulated  using 
the  high- silica/phenolic  and  AF31  film  adhesive.  In  order  to  maintain  a 
vacuum  during  cure,  it  was  necessary  to  seal  the  internal  portion  of  the 
metal  substructure  with  silicone  sealant.  Nondestructive  testing  indicated  that 
there  were  no  voids  in  the  bondline  and  that  the  procedure  was  acceptable 
for  the  application  of  insulation  to  the  actual  UpSTAGE  structure. 

To  verify  the  performance  of  the  heat  shield  and  joints  in  a  simulated  flight 
environment,  test  specimens  wore  prepared  by  bonding  the  high-silica/ 
phenolic  to  aluminum  plates  using  AF31  adhesive  for  plasma  jet  tests.  The 
AT31  exhibited  a  general  failure  in  the  bondline  with  catastrophic  release  of  the 
insulation  material  during  plasma  jet  exposure.  The  failure  was  attributed 
to  unexpected  thermal  and  shock  loads,  the  nature  and  magnitude  of  which 
could  not  be  readily  determined.  As  an  expedient  solution,  it  was  decided 
to  try  replacing  the  AF31  adhesive  with  an  adhesive  having  better  high- 
temperatur'e  strength  and  thermal  conductivity.  The  adhesive  chosen 
was  an  epoxy  phenolic  aluminum-filled  adhesive  (HT-424)  which  was 
not  originally  considered  because  it  is  highly  outgassing  during  curing. 
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Plasma  jet  tests  of  heat  shield  and  joint  specimens  bonded  with  HT-424  were 
successful.  Also,  bonding  tests  on  12-  by  12- inch  flatplates  showed  that 
unbonds  due  to  outgassing  could  be  reduced,  without  introducing  wrinkles,  by 
increasing  the  number  of  bleeder  plies  and  then  wrapping  the  assembly  with 
shrink  tape  prior  to  vacuum  bagging.  As  a  result,  HT-424  was  chosen  to 
replace  AF31  for  all  UpSTAGE  heat  shield  bonding.  (Details  of  the  above  tests 
appear  in  Reports  MP  51,  732  and  MP  51,  741  in  Appendix  D  of  this  report,  and 
in  Reference  6-1.) 

6.  3.  2  Full-Scale  Tests 

A  full-scale  aluminum  mockup  of  the  UpSTAGE  forward  control  section  was 
made  to  evaluate  the  proposed  bonding  techniques  and  joint  design.  The 
forward  control  section  was  chosen  because  it  was  by  far  the  largest  section 
of  the  forward  heat  shield,  and  therefore  the  most  difficult  to  handle.  Diffi¬ 
culties  were  encountered  in  finding  leaks  in  the  substructure  during  vacuum¬ 
bagging  checkout.  After  all  leaks  had  been  found  and  sealed,  the  first  half 
of  the  heat  shield  was  was  laid  up  and  cured.  No  wrinkles  were  found,  although 
some  unbonded  areas  were  evident.  The  layup  procedure  and  the  specimen 
were  reexamined  to  determine  the  best  procedure  to  use  for  the  second  half 
of  the  heat  shield  layup.  To  aid  in  solving  the  unbonding  problem,  a  large 
truncated  cone  substructure  was  insulated,  one  half  at  a  time.  Improved 
evacuation,  simplified  layup,  and  slower  cooling  techniques  were  devised  to 
solve  the  unbonding  problem.  Using  the  improved  method,  the  second  half 
qf  the^forward  control  section  was  insulated.  Inspection  with  a  resonance¬ 
loading  ultrasonic  instrument  revealed  no  unbonds. 

Heat  shield  fabrication  for  the  first  two  of  the  three  EB  vehicles  was  quite 
successful;  only  a  few  isolated  voids  or  unbonds  were  found,  and  these  were 
readily  repaired  by  straightforward  patching  and  injection  techniques. 

However,  numerous  large  and  small  unbonds  were  found  on  the  EB-3  heat 
shield  sections,  and  numerous  repetitive  repairs  were  required. 

From  knowledge  of  the  fabrication  techniques  and  from  tests  of  flatplate 
samples  fabricated  in  different  controlled  ways,  it  was  suspected  that  the 
aluminum  bonding  surfaces  were  being  contaminated  during  layup,  cure, 
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and  repair  by  residues  from  the  silicone  sealant  on  the  inside  of  the 
aluminum  structure.  In  order  to  expedite  completion  of  the  EB-3  heat 
shield,  careful  tests  and  inspections  of  the  aluminum  surfaces  were  con¬ 
ducted  prior  to  layup,  and  stringent  handling  procedures  were  strictly 
enforced. 

Concurrently,  tests  were  conducted  to  develop  a  modified  silicone-free 
bonding  process  for  the  two  JI  vehicles.  Among  the  alternatives  considered 
were  nonsilicone  sealants,  internal  rubber  bags,  sand-fill,  and  end  caps. 

All  available  nonsilicone  sealants  were  either  poor  sealants,  contaminating 
in  other  ways,  or  very  difficult  to  remove.  Internal  bags  were  not  feasible 
because  of  the  complex  internal  deep- ribbed  configuration  of  the  UpSTAGE 
structure.  Sand-filling  was  feasible,  but  added  handling  problems  because  of 
excessive  weight  and  posed  additional  internal  surface  protection  and  clean¬ 
ing  problems.  Accordingly,  end  r-.ps  and  internal  stiffening  braces  were 
fabricated  to  allow  each  section  (nose,  payload,  guidance,  and  forward 
control)  to  be  closed  off  and  evacuated  internally  as  well  as  externaUy, 
without  need  for  silicone  sealants  in  contact  with  the  structure. 

To  demonstrate  the  feasibility  of  the  end-cap  approach,  a  spare  EB  nose 
section  and  guidance  section  were  insulated.  No  unbonds  were  detected  and 
all  design  requirements  for  density  and  bond  strength  were  exceeded. 

However,  two  problems  were  encountered  during  insulation  of  the  first  JI 
structure: 

A.  Forward  control  section  honeycomb  panels  debonded  because 
the  honeycomb  adhesive  (AF-126)  could  not  withstand  the 
stresses  imposed  by  the  new  sealant-free  process.  HT-424 
adhesive  was  selected  to  replace  the  AF-126  and  withstood 
the  subsequent  cure  cycles. 

B.  Internal  structural  frames  buckled  by  creep  during  curing 
of  forward  control  and  guidance  sections  due  to  (1)  differ¬ 
ential  thermal  expansion  between  the  JI  steel  skin  and  the 
internal  aluminum  frames  and  (2)  the  external  pressure  imposed 
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by  the  new  process.  Buckling  during  subsequent  cures  was 
prevented  by  improving  support  braces  and  by  reducing  autoclave 
pressure  from  35  to  15  psig. 

A.  4  AFT  HEAT  SHIELD 

The  process  developed  for  the  EB  aft  heat  shield  was  nearly  identical  to  ihat 
for  the  forward  heat  shield,  except  that  the  aft  heat  shield  thickness  was 
0.  100  inch  and  the  aft  control  section  was  larger  in  circumference  than  the 
forward  control  section.  The  only  development  tests  necessary,  therefore, 
were  associated  with  production  of  thick  prepreg  and  subsequent  verification 
of  its  curing  and  bonding  characteristics. 

JI  vehicles  were  insulated  with  0.  C50- inch- thick  prepreg  by  the  sealant- free 
bonding  process  (refer  to  Subsection  6.3.2  for  a  discussion  of  sealant-free 
bonding),  except  that  the  autoclave  pressure  was  30  psig  to  improve  the 
densification  of  the  heat  shield  in  the  areas  of  the  JI  hot- gas  nozzles.  This 
higher  pressure  was  permitted  because  of  the  high  load-carrying  capability 
of  the  JI  aft  control  section  structure. 

6.  4.  1  Weaving  Development 

Since  no  0.  1 00-inch-thick  high- silica  fabric  was  commercially  available,  a 
description  of  the  properties  and  processing  requirements  was  sent  to 
various  weavers  for  competitive  bid.  Several  modifications  in  weaving 
techniques  were  made  before  an  acceptable  Refrasil  fabric  (0.  1 00-inch-thick) 
was  obtained. 

The  first  sample  of  custom-woven  0.  100-inch-thick  prepreg  was  received 
for  evaluation.  The  results  of  the  inspections  and  tests  showed  that  the 
sample  did  not  meet  most  of  the  requirements  specified  in  the  purchase 
order,  including  density,  thickness,  volatile  content,  and  resin  flow.  The 
vendor  was  contacted,  and  a  second  sample  was  prepared.  Tests  of  the 
second  sample  showed  that,  although  considerable  improvement  in  thickness 
and  density  was  achieved,  not  all  of  the  specified  properties  were  met. 
Accordingly,  additional  discussions  were  held  with  the  weaving  and  impregnat¬ 
ing  vendors,  and  a  third  sample  was  made,  received,  and  found  to  meet  all 
UpSTAGE  requirements.  Authority  was  then  given  to  proceed  with  the 
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manufacture  of  several  yards  of  prepreg  to  be  made  in  the  same  way  as  the 
third  sample.  This  initial  lot  of  material  was  used  to  lay  up  a  prototype  aft 
control  section  heat  shield  to  verify  that  the  0.  100-inch-thick  material  could 
be  processed  as  the  0.050-inch-thick  material  was  for  the  forward  control 
section. 

6.4.2  Layup  Tests 

As  with  the  forward  control  section,  a  full-scale  aluminum  mockup  of  the  aft 
control  section  was  made  for  the  layup  tests.  Using  the  HT-424  adhesive 
system,  a  single  layer  of  0.  1 00- inch- thick  prepreg  was  bonded  to  a  prototype 
aft  control  section  using  the  curing  procedures  developed  earlier  for  the 
forward  heat  shield.  The  first  half  of  the  prototype  aft  control  section  was 
successfully  installed  and  inspected.  No  unbonds  or  wrinkles  were  found  and 
it  was  determined  that  existing  resonance-loading  ultrasonic  equipment  and 
procedures  were  suitable  for  nondestructive  inspection.  The  second  half  of 
the  prototype  aft  control  section  was  then  insulated.  In  sealing  vacuum-bag 
leaks  prior  to  curing,  excessive  handling  of  the  laid-up  assembly  occurred. 

As  a  result,  the  cured  heat  shield  had  a  few  large  wrinkles  on  the  second  half. 
No  unbonds  were  detected  by  ultrasonic  inspection,  however.  It  was  con¬ 
cluded  that  a  satisfactory  processing  technique  for  bonding  and  curing  the 
adhesive  and  0.  1 00- inch- thick  insulation  simultaneously  had  been  verified, 
and  that  careful  bagging  and  handling  were  necessary. 

6.  5  BOOSTER  FIN  INSULATION 

A  simulated  fin  leading  edge  was  made  from  aluminum  sheet  and  used  to 
develop  layup  and  simultaneous-cure  techniques.  It  was  found  that  the  same 
techniques  used  for  the  forward  heat  shield  could  be  successfully  applied  to 
the  booster  fins.  No  unbonds  or  wrinkles  were  found  in  the  test  specimen. 

The  double  layer  of  0.  050-inch-thick  insulation  required  on  the  pitch 
stability  fin  leading  edge  was  successfully  cured  and  bonded  in  a  single 
bonding  cycle  of  3  hours  at  300°F, 

6.  6  FINLET  INJECTOR  INSULATION 

Initial  molding  process  development  was  peri  rmed  with  a  prototype  mold 
which  produced  parts  of  the  same  approximate  size  and  shape  as  would  be 
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required  for  EB  flight  caps  (See  Figure  6-1).  A  quantity  of  high- silica/ 
phenolic  cloth  was  chopped  into  squares  to  obtain  the  molding  compound.  It 
was  found  that  the  size  of  the  chopped  pieces  could  not  exceed  1/4  by  1/4  inch 
to  obtain  complete  mold  filling.  At  first,  sticking  problems  were  encountered, 
but  these  were  solved  by  adding  1- percent  zinc  stearate  powder  (a  common 
additive)  to  the  chips  prior  to  molding.  Several  test  laminates  were  bonded 
to  test  structures  to  ensure  that  the  zinc  stearate  additions  would  not  inter¬ 
fere  with  standard  adhesive-bonding  techniques.  All  tests  indicated  that  there 
were  no  observable  effects.  Numerous  systematic  tests  were  conducted  to 
establish  c/imum  molding  parameters  such  as  preform  compaction,  pre¬ 
heat,  pressure  and  temperature  cycles,  postcure  cycle,  mold  lubricants, 
and  insertion/ removal  methods. 

Using  the  prototype  finlet  mold,  test  parts  were  transfer- molded  and 
prepared  for  the  RENT  performance  test  (Reference  6-1)  using  high-silica/ 
phenolic  molding  chips.  In  addition,  test  parts  were  made  by  the  same 
molding  process,  using  carbon/ phenolic  chips,  with  excellent  success. 


6.  7  PROBLEMS  AND  SOLUTIONS 

A  summary  of  technical  problems  and  solutions  associated  with  developing 
the  heat  shield  insulation  processes  appears  below. 


Problem  Solution 


Wrinkles  formed  on  the  heat  shield 
surface  during  subscale  cylinder 
tests. 

Difficulty  was  experienced  in 
maintaining  acceptable  levels  of 
vacuum  during  cure  of  the  for¬ 
ward  heat  shield. 

Unbonds  formed  during  (a)  12-  by 
12-inch  flatplate  tests  and 
(b)  forward  control  section  full- 
scale  prototype  bonding. 


Inserted  layer  of  rubber  foam 
between  bleeder  plies  and  vacuum 
bag  during  layup  (see  Figure  6-2a). 

Sealed  interior  surface  seams  and 
fasteners  with  silicone  rubber 
sealant  (see  Figure  6-2b). 

(a)  Increased  number  of  bleeder  plies 
and  wrapped  with  shrink  tape  prior  to 
to  bagging  (see  Figure  6-2c). 

(b)  Simplified  layup,  improved  evacua¬ 
tion  method,  and  cooled  slowly  to 
minimize  gas  bubble  formation  and 
thermal  stresses. 
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Problem 

Solution 

Numerous  and  repetitive  unbonds 
formed  during  heat  shield 
bonding. 

Developed  a  sealant-free  bonding 
process  to  eliminate  silicone  contam¬ 
ination  (see  Figure  6- 2d). 

JI  forward  control  section  honey¬ 
comb  panels  debonded  during  heat 
shield  cure. 

Replaced  the  honeycomb  adhesive 
with  a  high-temperature  adhesive. 

JI  internal  structural  frames 
buckled  during  heat  shield  cure. 

Improved  internal  support  braces 
and  reduced  autoclave  pressure 
during  bonding  (sae  Figure  6- 2d). 

No  high- silica/ phenolic  prepreg 

0.  100  inch  thick  was  available 
commercially. 

Coordinated  efforts  of  cloth  weavers 
and  resin  impregnators  to  develop  a 
satisfactory  custom-made  prepreg. 

Molded  finlet  insulation  pieces 
stuck  to  mold. 

Added  1  percent  by  weight  of  zinc 
stearate  to  the  molding  chips  prior 
to  molding. 

6.  8  CONCLUSIONS  AND  RECOMMENDATIONS 

A  satisfactory  process  was  developed  to  apply,  bond,  and  cure  film  adhesive 
and  high- silica/ phenolic  insulation  to  the  UpSTAGE  substructure  simul¬ 
taneously.  The  process  was  found  to  be  an  effective  and  economical  method 
for  applying  thin  heat  shields  (0.  050  and  0.  100  inch  thick)  to  aluminum  and 
steel  surfaces. 


Special  0.  1 00- inch- thick  fabric  was  successfully  developed  and  processed. 
Other  custom-thickness  prepregs  could  be  produced  in  a  similar  manner  to 
meet  future  requirements.  Experimental  heat  shields  of  increased  thickness 
should  be  fabricated  in  a  similar  manner  to  define  the  thickness  limits  for 
simultaneously  cured  and  bonded  heat  shields. 

Sealing  the  internal  portion  of  the  substructure  was  found  to  be  a  time- 
consuming  operation  with  inherent  contamination  hazards.  The  use  of  end- 
cap  plates  was  found  to  be  a  better  method  of  sealing.  However,  the 
additional  stresses  imposed  on  the  capped  structure  by  the  autoclave 
pressure  required  design  and  process  changes  to  avoid  structural  damage. 
Noncontaminating  sealants  which  can  be  easily  applied  and  removed  should 
be  developed  for  use  where  end  caps  cannot  be  used. 


(a)  Rubber  Foam  to  Reduce  Wrinkles 


Vacuum  Bag 
'Rubber  Foam 
Bleeder  Plies 
lease  Cloth 
Bigh-Silica/Phenolic 
la  Adhesive 


(b)  Sealant  to  Reduce  Le/Jcs 
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-Vacuum  Bag 
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Release  Cloth 
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la  Adhesive 


•Sealant 


(c)  Increased  Bleeder  Plies  and  Shrink  Tape  to  Reduce  Unbonds 
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Bleeder  Plies 
brink  Tape 
Release  Cloth 
High-Silica/Phenolic 
Film  Adhesive 


(d)  Sealant -Free  Layup  to  Reduce  Unbonds 
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Transfer-molding  parameters  established  for  the  finlet  insulation  provided 
a  method  for  reproducible  fabrication  of  small  parts  of  high- silica/ phenolic 
and  carbon/ phenolic  to  close  tolerances.  For  new  molds,  it  is  recommended 
that  tooling  be  made  that  allows  the  mold  to  be  mounted  in  a  press  and  heated, 
in  addition,  provisions  should  be  made  to  allow  removal  of  the  part  from  the 
mold  without  completely  disassembling  the  die. 


Section  7 

INTERNAL  HOT- GAS  DUCT  INSULATION 

7.  1  REQUIREMENTS 

7.  1.  1  EB  Liners* 

The  EB  warm-gas  ducts  (Figure  7-1)  required  internal  silicone  rubber  < 

insulation  to  protect  the  tube  assembly  from  the  flowing  2,  250°F  gas- generator 
products  (at  up  to  4,  500  psi)  for  1  to  3  sec.  To  meet  original  weight  and  per¬ 
formance  goals,  the  wall  thickness  of  the  liner  was  to  be  0.  060  ±0.  005  inch 
with  an  OD  of  0.  900  ±0.  005  inch  in  the  manifold  (from  the  gas  generator  to  the 
relief  valve).  In  the  vent  line  leading  from  the  relief  valve  to  the  overboard 
dump  nozzle,  the  liner  was  to  0.  100  ±0.  005  inch  thick  with  an  OD  of  0.  968 
±0. 005  inch. 

The  liner  was  to  be  installed  in  straight  and  bent  tubes  made  from  nickel- 
base  alloy  bar  and  sheet  having  longitudinal  and  circumferential  welds  flushed 
to  within  0.  005  inch  of  the  ID  surface.  The  liner  was  required  to  adhere  to 
the  metal  surface  well  enough  to  withstand  variable  flow  of  the  warm  gas  dur¬ 
ing  flight  operation.  In  addition,  the  decomposition  products  of  the  liner  and 
adhesive  were  required  to  be  compatible  with  the  relief  valve  and  the  unlined 
nickel-base  tee  in  the  system. 

7,1,2  JI  Liners** 

The  JI  warm- gas  manifold  ducts  and  nozzles  required  internal  insulation  to 
protect  the  metal  ducts  and  missile  structure,  respectively,,  from  flowing 
2,  800°F  gas- generator  products  (at  up  to  4,  000  psi)  for  1.  5  sec. 


❖  See  Reference  7-1  for  a  description  of  EB  control  subsystem  analysis, 
design,  and  testing.  Refer  to  Subsection  3.  5  of  this  report  for  information 
on  fuel  tank  piston  insulation. 

❖❖See  Reference  7-2  for  a  description  of  JI  control  subsystem  analysis, 
design,  and  testing. 
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The  original  manifold  design  required  a  void-free,  cast-in-  place  insulation 
coating  of  silicone  rubber  up  to  0.  250  inch  thick,  fhat  would  adhere  well 
enough  to  the  aluminum  and  titanium  duct  segments  to  withstand  the  gas  flow. 
Liner  ID  and  wall  thickness  tolerances  were  typically  ±0.  005  inch.  Later, 
the  manifold  design  was  changed  to  replace  the  silicone  rubber  lining  with  a 
combination  of  quartz/ phenolic  and  zirconia- coated  titanium  liners,  as  shown 
in  Figures  7-2  and  7-3.  The  latter  liners  were  zirconia- coated  by  a  propri¬ 
etary  spray  process  and  then  flat-wrapped  with  external  quartz /phenolic  insu¬ 
lation.  The  all-quartz/ phenolic  liner  ID's  were  primarily  1.  0  and  1.3  inches, 
and  the  quartz / phenolic  liner  thickness  varied  from  approximately  0.  100  to 
0.  150  inch.  All  dimensional  requirements  were  met  by  machining  the  cured 
quartz/ phenolic  material.  A  minimum  density  of  100  pcf  was  required  for  all 
cured  quartz/ phenolic  parts  to  ensure  a  complete  cure  so  that  proper  ablation 
and  strength  properties  would  be  obtained.  In  addition,  the  orientation  of 
quartz  cloth  layers  in  the  initial  design  was  specified  to  be  10  ±5  deg  to  the 
gas  flow  direction.  The  orientation  was  changed  later,  as  a  result  of  fabri¬ 
cation  and  test  experience.  The  adhesive  bond  between  certain  quartz/phenolic 
liners  and  the  metal  duct  was  required  to  be  nondestructively  inspected  to 
ensure  that  no  adhesive  voids  1/4  inch  or  larger  in  diameter  were  present. 

In  addition,  the  adhesive  was  required  to  be  capable  of  curing  below  200°  F 
(to  avoid  overaging  the  7075  aluminum  ducts),  and  be  resistant  to  exposure 
to  200° F  in  flight  operation. 

The  JI  nozzle  density  and  dimensional  requirements  were  the  same  as  for  the 
manifold  liners.  In  addition,  to  ensure  adequate  strength  to  withstand  pres¬ 
sure  and  '-ombined  loads,  the  cured  flat-wrapped  configuration  was  required 
to  have  a  minimum  of  10  continuous  plies  of  quartz  cloth  within  the  0.  15-inch 
overwrap  thickness;  and  no  wrinkles  greater  than  0.  060  inch  in  height  were 
permitted. 

7.  2  APPROACH  AND  CONSTRAINTS 
7.  2.  1  EB  Liners 

Only  one  fabrication  method  offered  a  reasonable  potential  for  meeting  the 
geometrical  and  dimensional  requirements  for  the  EB  insulation.  That  method 
was  to  mold  a  silicone  rubber  liner  to  the  required  dimensions  and  to  install 
it  by  insertion  and  adhesive  bonding  in  the  metal  tube  assembly. 
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Preliminary  tests  were  conducted  to  select  the  moldable  silicone  rubber 
with  the  best  combination  of  moldability,  tensile  strength,  bondability, 
and  erosion  properties.  Subsequently,  techniques  for  molding,  insertion, 
adhesive  bonding,  and  nondestructive  bond  inspection  were  developed  for  use 
on  test  hardware.  As  experience  was  gained  in  fabrication  and  functional 
testing,  a  number  of  design  and  process  changes  were  made  to  obtain  a 
satisfactory  flight  product. 

7.  2.  2  J1  Liners 

The  approach  taken  to  develop  cast-in-place  silicone  rubber  liners  was 
as  follows: 

A.  Determine  the  most  suitable  material  by  testing  erosion  and 
adhesion  of  the  candidate  materials. 

B.  Design  and  fabricate  practice  parts  and  tooling  to  aid  in  cast-in- 
place  technique  development. 

C.  Develop  cast-in-place  techniques. 

D.  Using  developed  techniques,  insulate  test  parts  for  experimental 
firings. 

In  developing  the  quartz/ phenolic  liners,  prototype  liners  of  the  initial  design 
(10-deg  shingle  angle)  were  wrapped  manually  on  a  mandrel  using  quartz/ 
phenolic  prepreg  cut  to  the  required  tape  width.  Because  the  specified  cloth 
orientation  and  liner  wall  thickness  combination  could  not  be  successfully 
fabricated,  alternate  layup  designs  were  developed  and  functionally  tested  to 
arrive  at  a  satisfactory  configuration.  The  final  configuration  for  flight  use 
included  a  "dinked"  layup  of  conical  washers,  rather  than  a  wrapped  layup. 
Conventional  layup,  curing,  and  machining  procedures  were  used  throughout, 
with  geometrical  modifications.  In  addition,  exploratory  tests  were  conducted 
to  develop  a  prefabricated  quartz  cloth  "sock"  (Figure  7-4).  This  approach 
was  taken  to  relieve  the  eros.on  of  internal  tubular  insulation  at  90-deg 
intersecting  joints  by  providing  a  rounded  path  to  minimize  turbulent  flow 
conditions  at  these  locations.  The  reinforcement  in  woven,  braided,  or 
knitted  form  was  required  to  be  capable  of  accepting  phenolic  resin  and  a  "B" 
stage  operation  to  provide  a  preimpregnated  sock  for  insertion  and  curing 
within  the  metal  ducts. 
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The  approach  taken  to  develop  the  noz-zle  insulation  (see  Figure  7-5)  was  to 
(1)  flat-wrap  the  core  of  the  nozzle  exit  cone;  (2)  density  (partially  cure)  and 
machine  it;  (3)  assemble  the  titanium  entrance  nozzle,  adhesive,  and  densified 
core  (preform);  (4)  join  the  entrance  nozzle  and  core  with  the  flat -wrapped 
outer  exit  cone;  (5)  cure  the  assembly;  and  (6)  machine  final  internal  and 
external  surfaces  to  the  specified  dimensions.  As  a  result  of  functional 
tests,  modifications  were  made  to  the  design  and  process  to  obtain  a  satis¬ 
factory  nozzle.  Manual  wrapping  on  a  rotating  mandrel  was  selected  as  the 
most  economical  method  of  wrapping  the  required  quantity  of  parts  to  meet 
the  schedule  for  ground  test  and  flight  parts. 

Because  of  its  success  in  producing  void-free  J1  rubber  liners,  a  cast-in- 
place  technique  was  selected  for  void-free  adhesive-bonding  evaluation. 
Plexiglas  practice  parts  and  tools  were  designed,  fabricated,  and  used  to 
establish  filling  procedures  and  to  select  the  most  suitable  adhesive.  Tool¬ 
ing  and  processing  concepts  developed  for  the  cast-in-place  liners  were 
applied  directly  to  this  adhesive-bonding  problem.  In  addition,  a  pressure- 
injection  method  was  selected  and  developed  to  bond  quartz/phenolic  liners 
inside  existing  quartz /phenolic  liners.  The  approach  to  the  nondestructive 
inspection  of  the  bond  integrity  for  the  quartz /phenolic  liner  to  metal  tube 
bond  was  based  on  investigation  of  five  potential  techniques.  These  were 
ultrasonic  pulse-echo,  resonance-loading,  eddy- sonic,  x- radiography,  and 
neutron- radiography.  To  evaluate  these  potential  techniques,  prototype 
standards  and  full-scale  parts  were  made  and  subjected  to  nondestructive 
tests.  From  these  tests,  the  most  effective  nondestructive  test  method  was 
selected. 

7.  3  MOLDED  SILICONE  RUBBER  LINERS 
7.  3. 1  Preliminary  Tests 

Five  candidate  solid  moldable  silicone  rubber  formulations  and  two  liquid 
silicone  adhesive  systems  were  selected  for  preliminary  processing  and 
property  tests  on  the  basis  of  published  properties,  processing  experience, 
and  availability. 
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ind  Insulation  Cross  Section  (U) 


To  assess  the  moldability  and  bondability  of  candidate  liner  materials, 
straight  cylindrical  tubes  were  molded  and  installed  with  the  candidate 
adhesives  in  straight  steel  tubes.  After  curing,  the  lined  tubes  were 
sawed  open  and  the  strength  and  uniformity  of  the  liner  and  bond  were  eval¬ 
uated.  Similarly,  each  of  the  candidate  materials  was  molded  into  flat 
sheets  from  which  samples  were  cut  and  prepared  for  tensile  and  erosion 
tests  (refer  to  Report  MP  51,603  in  Appendix  E). 

Of  the  candidate  materials,  Silastic  55  bonded  with  RTV-731  exhibited  (1)  the 
best  combination  of  bond  strength  and  uniformity,  (2)  the  highest  tensile 
strength  and  elongation,  and  (3)  good  erosion  performance  based  on 
material  loss,  backside  temperature  rise,  and  lack  of  charring  ablation 
products. 

7.  3.  2  Molding  and  Curing 

Tests  were  performed  to  determine  the  linear  shrinkage  of  Silastic  55  during 
curing  so  that  correct  compensations  could  be  made  in  the  mold  cavity 
dimensions  to  produce  a  cured  liner  within  the  dimensional  tolerances 
specified.  A  two-plate,  single-cavity  mold  was  machined  from  aluminum 
and  provided  with  a  steel  rod  core.  Silicone  rubber  was  sheeted  to  the  cor¬ 
rect  thickness,  wrapped  longitudinally  over  the  steel  core,  and  "stitched"  at' 
the  seam  with  a  knurled  roller  to  form  an  uncured  tube  of  rubber  around  the 
core.  This  preform  and  core  assembly  was  then  placed  in  a  two-plate  mold, 
and  the  mold  closed  in  a  platen  press  under  10  tons  of  pressure  at  320‘>F.  The 
part  was  then  cured  for  30  minutes  at  this  temperature  and  pressure.  A  mold 
release  lubricant  was  applied  to  the  core  and  the  mold  before  pressing  the 
rubber  to  facilitate  removal  of  the  part  from  the  mold  and  core.  At  the  con¬ 
clusion  of  the  press  molding  and  subsequent  to  the  removal  of  the  part  from 
the  mold  and  core,  the  molded  liner  tube  was  postcured  in  a  circulating  air 
oven  for  16  hours  at  400°F.  In  order  to  inspect  the  liner  wall  thickness  over 
the  entire  length,  a  rigid  metal  mandrel  with  an  OD  equal  to  the  linsr  ID  was 
made,  supported  horizontally,  and  numerous  dial  gage  measurements  were 
taken  before  and  after  the  liner  was  placed  on  the  mandrel. 
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Inspection  of  initial  liners  revealed  three  problem  areas:  (1)  voids,  (2)  wall 
thickness  variations,  and  (3)  longitudinal  stepped  seams.  The  voids  were 
caused  by  air  bubbles  entrapped  during  loading  of  the  mold.  It  was  found  that 
if  the  core  mandrel  was  wrapped  with  one  ply  of  rubber  having  a  carefully 
controlled  thickness,  and  if  the  single  seam  was  positioned  at  the  mold  part¬ 
ing  line,  that  voids  were  eliminated. 

Wall  thickness  variations  were  primarily  caused  by  a  center  core  mandrel 
that  was  not  sufficiently  straight.  However,  even  when  a  new,  straight  core 
mandrel  was  used,  wall  thickness  variations  exceeded  the  specified  ±0.  005  inch. 
Accordingly,  the  design  was  changed  to  allow  wall  thickness  to  vary  up  to 
±0.010  inch,  which  could  be  satisfactorily  achieved  in  production.  Stepped 
longitudinal  seams  were  caused  by  lateral  shifting  of  the  mold  halves  relative 
to  each  other  during  heated-press  curing  of  the  liners.  This  problem  was 
solved  by  adding  dowel  pins  and  holes  to  the  mold  halves  to  prevent  sidewise 
movement. 

7.  3.  3  Adhesive  Bonding 

Although  preliminary  tests  with  6-inch-long  straight  tubes  had  produced  sat¬ 
isfactory  bonds,  the  first  attempts  to  install  a  liner  in  a  bent  tube  were  unsuc¬ 
cessful.  Apparently,  the  change  in  the  internal  dimensions  of  the  metal  tube 
in  the  bent  region  was  too  great  to  allow  the  liner  to  be  drawn  through. 
Accordingly,  new  liners  were  molded  with  slightly  smaller  OD's.  These 
liners  were  successfully  inserted. 

During  the  manufacture  and  functional  testing  of  the  lined  tubes,  four 
problems  occurred  intermittently:  (1)  poor  adhesion  between  the  liner  and 
the  metal,  (2)  voids  in  the  adhesive,  (3)  blistering  following  pressure  testing, 
and  (4)  incomplete  ,uring  of  the  adhesive.  .As  a  result  of  these  problems,  the 
vent  tube  was  redesigned  to  replace  the  lined  configuration  with  an  uninsulated 
heavy-wall  design,  and  the  process  and  test  procedure  for  bonding  the  liners 
into  the  manifold  tubes  were  changed  in  several  ways. 


Adhesion  between  the  liner  and  the  metal  was  affected  by  the  methods  used  to 
clean  and  prime  the  metal  and  rubber  surfaces,  and  apply  and  cure  the  adhe¬ 
sive.  Numerous  tests  were  conducted  to  determine  a  satisfactory  combina¬ 
tion  of  these  methods. 

Cleaning  tests  of  the  metal  (Inconel  718)  surface  revealed  that  the  conven¬ 
tionally  descaled,  cleaned,  degreased  surface  could  not  be  wetted  by  water. 

A  light  abrasive  scrub  activated  the  metal  surface  so  that  it  could  be  water- 
wetted  and  thus  be  capable  of  being  wetted  by  the  adhesive  primer.  It  was 
further  observed  that  the  descaling  process  was  more  effective  when  the 
metal  surface  was  wetted  by  water.  When  the  nonwettable  metal  covered 
with  heat-treat  scale  was  scrubbed  with  a  paste  of  400-grit  aluminum  oxide 
and  water,  the  subsequent  descaling  treatment  produced  a  bright,  clear  sur¬ 
face.  This  surface  could  be  wetted  for  1  hour  after  treatment  at  which  time 
a  water  film  on  the  surface  would  begin  to  bead.  As  a  result,  it  was  deter¬ 
mined  that  proper  surface  preparation  of  the  metal  required  priming  within 
1  hour  of  descaling  and  solvent  degreasing.  It  was  also  determined  that  the 
metal  primer  had  to  dry  and  cure  at  ambient  temperature  for  i  hour  minimum 
for  best  adhesion.  To  verify  proper  surface  preparation,  a  strip  of  liner 
material  was  bonded  to  the  metal  OD  surface  of  each  manifold  and  tested  for 
bond  peel  strength. 

The  rubber-cleaning  method  found  to  be  most  effective  was  methyl  ethyl 
ketone  (MEK)  solvent  wiping.  (In  addition,  a  water-soluble  mold  release  was 
specified  for  the  rubber  molding  operation.  The  mold  release  was  easily 
removed  from  the  cured  liner  surfaces  by  water  washing.  )  Two  primers 
were  examined:  a  resin  type,  and  an  elastomeric  type.  The  elastomeric 
primer  produced  liner-to-adhesive  bonds  that  were  more  reproducible, and 
was  therefore  selected  for  use. 

Voids  in  the  adhesive  were  primarily  a  result  of  air  entrapment  during 
insertion  of  the  liner.  Changes  in  the  insertion  method  were  required 
to  eliminate  any  possibility  of  air  entrapment.  Therefore,  the  vent 
tube  liners  were  installed  inside  a  vacuum  chamber.  Outside  the  chamber 
the  liner  and  the  tube  ID  were  covered  with  adhesive.  The  liner  was 
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collapsed  around  a  mandrel  (consisting  of  a  1/2-inch  OD,  0.050-inch-wall 
plastic  tube  slit  lengthwise)  and  positione  I  within  the  metal  tube.  These 
parts  were  placed  in  a  vacuum  chamber  which  was  later  evacuated.  Next, 
the  collapsed  tube  was  expanded,  in  vacuum,  against  the  ID  of  the  tube  wall 
with  internal  atmospheric  pressure.  The  parts  were  removed  from  the  vac¬ 
uum,  the  mandrel  was  removed,  the  liner  was  pressurized  to  14  psig,  and  the 
pressurized  assembly  was  cured  at  300° F  for  1  hour. 

Blisters  which  were  found  on  the  inside  of  lined  tubes  were  observed  to 
decrease  in  size  and  disappear  after  several  hours.  The  blisters  apparently 
formed  when  high-pressur^  gas  diffused  to  the  bondline  during  pressure  test¬ 
ing  and  were  unable  to  return  to  the  inside  of  the  liner  during  depressuriza¬ 
tion.  The  blisters  were  of  concern  because,  in  forming,  they  created 
unbonded  areas.  Blister  formation  was  prevented  on  subsequent  parts  by 
(1)  using  a  liquid  pressurizing  medium  where  possible,  (2)  requiring  gas 
pressurization  to  be  brief,  and  (3)  allowing  sufficient  time  during  depressuri¬ 
zation  for  entrapped  gases  to  return  to  the  liner  ID. 

Incomplete  curing  of  the  adhesive  occurred  first  when  RTV-731  was  used. 
RTV-731  requires  the  presence  of  moisture  to  cure.  Complete  reaction  was 
difficult  to  ensure  with  the  tube  liner  configuration.  Accordingly,  93-072, 
an  elastomeric  adhesive  capable  of  curing  without  foreign  reactants,  was 
chosen  to  replace  RTV-731.  Unfortunately,  93-072  also  exhibited  incomplete 
curing  from  time  to  time,  probably  as  a  result  of  a  weak  inhibition  reaction 
with  the  liner  material.  To  overcome  this  problem,  the  liner  was  primed  with 
diluted  RTV-731,  the  curing  temperature  was  raised  to  300°F,and  complete 
curing  was  verified  by  the  bond  test  of  a  strip  of  liner  material  on  the  external 
surface  of  the  metal. 

7.3.4  Nondestructive  Bond  Inspection 

To  determine  the  integrity  of  the  bond,  inspection  had  to  be  performed  from 
the  exterior  of  the  tubing,  working  on  the  convex  surface.  Four  techniques 
were  considered  potentially  applicable.  These  were  eddy- sonic,  resonance¬ 
loading,  interferometric  holography,  and  ultrasonic  pulse-echo. 
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The  small  diameter  of  the  metal  tube  (approximately  1  inch)  and  the  wall 
thickness  (0.  100  inch)  were  such  that  the  eddy-sonic  method  was  not 
effective.  The  means  of  excitation  of  the  transducer  was  insufficient  to  dis¬ 
criminate  between  bonded  liner  and  no  liner  at  all.  Therefore,  it  was  not 
possible  to  detect  the  unbond  conditions  present  in  the  test  standard. 

The  resonance- loading  method  was  successful  to  a  limited  extent  in  areas  of 
large  unbond.  It  was  necessary  to  fabricate  a  special  "V"  block  to  keep  the 
transducer  properly  aligned  on  the  cylindrical  surface  of  the  tube.  When  small 
discrete  areas  of  unbond  were  incorporated  into  the  standard,  the  instrument 
could  not  clearly  discriminate  these  unbonds. 

Interferometric  holography  techniques  were  explored  as  a  possible  means  of 
inspecting  the  rubber-lined  manifold  system.  This  approach  had  the  advan¬ 
tage  of  being  a  noncontacting  system, and  no  couplants  such  as  oil  or  water 
were  needed.  To  accomplish  the  test,  two  holograms  were  made  of  the  test 
part,  one  with  the  part  at  rest  and  the  second  with  the  part  under  some  minor 
stress.  When  these  two  holograms  were  superimposed,  any  defects,  such  as 
an  unbond  or  an  adhesive  void,  were  expected  to  be  displayed  as  an  interfer¬ 
ence  pattern.  Holographic  inspection  of  the  test  standard  did  not  reveal  any 
of  the  unbond  conditions  present.  This  is  attributed  to  the  fact  that  the  elas¬ 
tic  modulus  of  the  metal  tube  was  very  much  greater  than  that  of  the  rubber 
liner,  and  the  strains  imposed  on  the  metal  were  so  small  that  no  movement 
was  detected  at  the  exterior  surface. 

The  pulse-echo  approach  required  the  use  of  a  couplant  material  between  the 
hand-held  transducer  and  the  surface  of  the  test  part.  The  wave  front  gener¬ 
ated  by  the  transducer  was  expected  to  traverse  the  metal  and  pass  into  the 
adhesive  if  there  was  a  good  bond.  Ultrasonic  energy  absorbed  in  this  way 
was  expected  to  produce  a  highly  damped  signal  on  the  oscilloscope  screen. 

If,  however,  an  unbond  condition  existed  between  the  adherend  and  the  adhesive, 
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the  ulatrasonic  wave  front  was  expected  to  be  reflected  and  bounce  back  and 
forth  several  times.  This  would  provide  an  oscilloscope  screen  presentation 
showing  many  back  reflections,  clearly  different  from  the  damped  signal 
resulting  from  a  good  bond. 

In  the  case  of  the  metal  tube  and  rubber  liner,  the  pulse-echo  approach 
proved  unsatisfactory.  It  was  not  possible  to  distinguish  between  areas  of 
unbond  and  those  areas  properly  bonded.  All  areas  provided  multiple  back- 
reflections  on  the  oscilloscope  screen.  This  behavior  probably  resulted 
from  the  large  difference  in  acoustic  impedance  between  the  metal  and  the 
rubber. 

7.4  CAST-IN-PLACE  SILICONE  RUBBER  LINERS 

7.  4.  1  Ablation  and  Adhesion  Tests 

Four  candidate  RTV  silicones  were  tested  on  the  MDAC  Aeroder  with  the  EB 
liner  material  (Silastic  55)  and  Teflon  as  controls.  An  attack  angle  of  10  deg 
was  used.  Results  are  given  in  Report  No.  MP51,  603  in  Appendix  E  and  in 
Table  7-1.  On  the  basis  of  these  data,  RTV-630  was  selected  for  further 
tests,  because  it  exhibited  a  low  erosion  rate  and  no  charring  of  the  surface 
during  ablation.  A  second  series  of  Aeroder  tests  was  conducted  on  RTV-630 
at  attack  angles  of  10  and  60  deg  with  GN2  stream  temperatures  of  3,  500  and 
4,  000° F.  Results  are  given  in  Table  7-1.  As  the  results  obtained  for 
RTV-630  in  the  second  series  were  substantially  better  than  those  obtained 
in  the  first  series,  a  third  series  of  Aeroder  tests  was  initiated  on  RTV-630 
at  attack  angles  of  10,  30  and  60  deg  with  CN^  stream  temperatures  of 
2,  400,  2,  900,  and  3,  400° F.  Teflon  and  Silastic  55  specimens  were  used  as 
controls.  In  addition,  specimens  of  28-mil  quartz  cloth  impregnated  witl 
RTV-630  were  tested.  The  quartz  cloth  was  impregnated  with  an  excess  of 
8  mils  of  RTV-630  above  and  below  the  cloth.  Data  on  these  tests  are  also 
given  in  Table  7- 1 . 
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RESULTS  OF  AERODER  TESTS 
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Silastic  55  \  100  30  5. 83 


Table  7-1 

RESULTS  OF  AERODER  TESTS  (Continued) 
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BT  =  Burn-through 


The  peel  adhesion  of  RTV-630  was  tested  on  flat  4-  by  6-inch  panels  of 
titanium  of  the  type  used  for  the  manifold  functional  test  parts.  As  the  con¬ 
ventional  methods  of  surface  preparation  and  priming  did  not  yield  repro¬ 
ducible  results,  a  study  of  primers  and  surface  preparation  methods  was 
initiated.  The  results  of  this  study  are  presented  in  Table  7-2.  The  most 
consistent  method  of  surface  preparation  was  found  to  be  as  described  for 
Specimen  No.  33  in  the  table  using  SS-4155  primer. 

7.4.2  Casting  and  Curing 

An  aluminum  practice  part  similar  to  the  flight  configuration  manifold  was 
fabricated.  Cores,  mandrels,  and  end  r:ngs  were  fabricated  to  provide 
the  assembly  shown  in  Figures  7-6  through  7-9.  When  assembled,  the  cores 
provided  a  0.  200-inch-thick  coating  on  the  walls  of  the  central  tube  of  the 
at  sembly.  Figures  7-8  and  7-9  show  cutaway  views  of  the  central  tube  and 
of  one  side  tube. 

7.4.  2.  1  Gravity  Flow  into  an  Evacuated  Cavity  -  Test  A- 1 
A  vacuum  bag  with  bleeder  cloth  was  sealed  over  the  bottom  of  the  assembly, 
the  side  openings  were  vacuum  sealed,  and  a  reservoir  assembly  was  affixed 
to  the  top  of  the  assembly  as  shown  in  Figure  7-8.  A  29-inch-Hg  vacuum  was 
applied  to  the  part  and  the  reservoir  was  filled  with  catalyzed  and  degassed 
RTV-630.  The  assembly  was  left  with  vacuum  on  for  1  hour  and  then  the 
entire  assembly  was  put  in  an  oven  at  210°F  for  1  hour.  After  cooling  and 
disassembly,  it  was  found  that  very  little  RTV-630  had  gone  into  the  cavity. 
The  RTV-630  had  run  rapidly  to  the  bottom,  blocking  off  the  vacuum  source. 
The  cores  were  removed  and,  as  the  interior  walls  of  the  practice  part  had 
not  been  primed,  the  cured  RTV-630  was  cut  and  pulled  out  of  the  cavity. 

7.  4.  2.  2  Gravity  Flow  into  an  Evacuated  Cavity  -  Test  A-2 
Test  A-2  was  conducted  in  the  same  manner  as  Test  A-l  except  that  the 
vacuum  bag  seal  and  bleeder  cloth  were  extended  around  the  entire  part 
except  for  the  reservoir  on  top.  After  cure  and  cooling,  it  was  found  that 
60  percent  of  the  cavity  was  filled,  with  material  still  remaining  in  the 
reservoir.  The  coating  was  removed  from  the  practice  part. 


7  19 


Table  7-2 


PEEL  ADHESION  TEST  RESULTS 


Specimen 

Number 

Cleaning  Method 

Primer/ 

Lot  No.; 

Primer 

Drying 

Time 

Load 

(psi) 

Type  of  Failure 
%  Cohesion  %  Adhesion 

1 

Methyl  ethyl 
ketone  cleaned 

SS-4155 

Lab  Lot  1 

1  hr  RT* 

16 

25 

75 

7 

Vapor-honed 

SS-4155 

Lab  Lot  1 

1  hr  RT 

0 

0 

100 

8 

Grit-blasted 

SS-4155 

Lab  Lot  1 

1  hr  RT 

21 

90 

10 

9 

Etched  per 

PS  12050. 8 

SS-4155 

Lab  Lot  1 

1  hr  RT 

0 

0 

100 

1 1 

MEK  cleaned 

SS-4155 

Lab  Lot  2 

1  hr  RT 

22 

100 

0 

13 

MEK  cleaned 

SS-4155 

Lab  Lot  2 

1  hr  RT 

31 

80 

20 

14 

Vapor-honed 

SS-4155 

Lab  Lot  2 

1  hr  RT 

0 

0 

100  , 

♦ 

15 

MEK  cleaned 

SS-4155 

Lab  Lot  2 

Plus  Thin 

Coat  R  TV  154 

1  hr  RT 

9 

10 

V 

90 

19 

MEK  cleaned, 

60  grit-sanded, 
MEK  cleaned 

SS-4155 

Lab  Lot  2 

1  hr  RT 

32 

100 

0 

22 

MEK  cleaned 

PR-1903 

1  hr  RT 

0 

0 

100 

23 

MEK  cleaned 

DC  92-056 

1  hr  RT 

25 

80 

20 

24 

MEK  cleaned 

DC  1200 

1  hr  RT 

0 

0 

100 

29 

MEK  cleaned 

DC  92-019 

1  hr  RT 

0 

0 

100 

30 

MEK  cleaned 

DC  92-019 

1  i  hrs  RT 
plus  1  /2  hr 

1 80°  F 

0 

0 

100 

31 

MEK  cleaned 

SS-4120 

1  hr  RT 

0 

0 

100 

32 

MEK  cleaned 

SS-4155 

Lab  Lot  2 

1  hr  RT 

0 

0 

100 

33 

MEK  cleaned 
plus  power -drum 
sanded  (30  grit) 
plus  MEK  clean 

SS-4153 

Lot  942 1 8 

1  hr  RT 

25 

100 

0 

*RT  =  Room  temperature 
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Figur*  7-7.  Practica  Twt  Part  Dliawmblid  with  Caat-in-Plaoa  Silioona  Linara 
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VACUUM  BAG  SEALANT 
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Fipm  74.  GraWty  Flow  into  Ewwnd  Cavity 
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SIGHT  GLASS 


Figure  7-9.  Prmuri  Injection  into  Evacuated  Cavity 


7.4.2.  3  Pressure  Injection  into  an  Evacuated  Cavity  -  Test  B-l 
Closed  reservoir  caps  with  stopcocks  were  fabricated  for  the  top  and  bottom 
of  the  practice  part  as  shown  in  Figure  7-9.  These  caps  were  adhered  and 
sealed  to  the  part,  as  shown,  with  vacuum  bag  sealant.  An  injection  cartridge 
was  filled  with  catalyzed  and  degassed  RTV-630.  After  the  assembly 
was  checked  for  leakage  at  29  inches  of  vacuum,  the  RTV-630  was  injected 
at  5  psig  into  the  assembly,  at  full  vacuum,  by  inserting  the  injection  nozzle 
into  the  opening  below  the  stopcock  and  opening  the  stopcock.  The  RTV-630 
was  injected  into  the  assemhlv  until  it  appeared  in  the  sight  glass  above  the 
assembly.  The  vacuum  was  released  and  the  assembly  was  transferred  to 
an  oven  at  210°F  for  2  hours.  After  cooling,  the  side  cores  were  pulled 
out  and  the  central  core  was  forced  out  on  an  arbor  press.  Although 
the  upper  reservoir  cap  was  filled  with  RTV-630,  there  was  a  void  about 
1  inch  in  depth  below  the  upper  retaining  ring.  The  RTV-630  expanded  under 
vacuum  and  the  void,  formed  by  contraction  after  release  of  vacuum,  did  not 
fill  from  the  upper  reservoir.  The  coating  was  removed. 

7.4.  2.4  Pressure  Filling  of  Evacuated  Cavity  -  Test  B-2 
Test  B-2  was  conducted  in  the  same  manner  as  Test  B-l  except  that  after 
the  RTV-630  appeared  in  the  upper  sight  glass,  the  vacuum  was  released  and 
the  vacuum  hose  removed  from  the  upper  stopcock.  The  injection  of  RTV-630 
was  resumed  at  5  psig  without  vacuum  until  there  was  an  uninterrupted  flow 
of  the  material  out  of  the  upper  stopcock.  The  assembly  was  transferred  to 
an  oven  at  210°F  for  2  hours.  On  being  disassembled  as  in  Test  B-l,  the 
part  was  found  to  be  completely  filled  with  RTV-630  and  was  void- free. 

7.4.2.  5  Pressure-Vacuum  Filling  of  Manifold  Functional  Test  Parts 
The  interior  surfaces  to  be  coated  with  RTV-630  were  prepared  as  described 
for  Specimen  No.  33  in  Table  7-2.  A  rotary  power-sanding  drum  was  used 
for  abrading  the  interior  surfaces.  The  parts  were  filled  as  in  Test  B-2 
except  that  improved  tooling  was  used  as  shown  in  Figure  7-10.  The  parts 
were  cured  a  minimum  of  4  hours  at  210°F.  After  cooling,  the  cores  were 
removed.  The  insulation  coatings  were  found  to  be  dense  and  void-free. 
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Figure  7-10.  Pressure  Injection  into  Evacuated  Cavity  of  Manifold  Functional  Taat  Part 


As  described  in  Reference  7 -2,  the  erosion  resistance  of  the  cast-in-place 
RTV-630  liners  was  unsatisfactory.  The  design  of  the  manifold  was  sub¬ 
sequently  changed  to  eliminate  RTV-630  and  no  further  process  development 
was  pursued. 

7.5  QUARTZ /PHENOLIC  LINERS 

7.  5.  1  Layup  and  Curing 

7.  5.  1.  1  Flat  Shingle  Angle  Configuration 

A  tape-wrapping  procedure  was  employed  to  provide  a  shallow  (10  deg)  angle 
configuration  tubular  composite.  It  became  evident  early  in  initial  fabrica¬ 
tion  efforts  that  the  method  was  limited  in  providing  the  required  thickness 
when  quartz /phenolic  tape  was  wrapped  around  a  relatively  small  (1  inch) 
diameter  mandrel.  The  reason  for  this  was  that  the  OD  edge  of  the  tape 
would  not  stretch  sufficiently  to  conform  to  the  required  conical  shape  for 
the  entire  liner  thickness.  A  two-step  process  was  therefore  followed  in 
which  the  10-deg  shingle  angle  configuration  was  wrapped  using  narrow  tape, 
densified  and  machined  to  a  smaller  OD,  and  then  over-wrapped  with  a  flat- 
wrap  of  the  same  material  to  obtain  the  required  liner  wall  thickness.  The 
two- step-fabricated  "green"  part  was  then  vacuum- bagged  and  autoclave- 
cured.  Sufficient  over-wrap  material  was  provided  so  the  cured  part  could 
be  machined  to  the  required  OD. 

The  cure  procedure  employed  a  preliminary  densification  step  at  160°F  and 
50  psig  autoclave  pressure  under  vacuum,  followed  by  stepwise  increases  in 
pressure  and  temperature  to  a  final  cure  dwell  at  350°F  and  180  psig  for  a 
period  of  3  hours  while  still  employing  vacuum.  Part  density  achieved  varied 
from  a  low  of  102  pcf  to  a  maximum  of  140  pcf. 

Test  firings  were  completed  on  components  employing  the  flat  shingle  angle 
configuration,  It  was  observed  that  in  the  insulated  straight  sections,  ero¬ 
sion  did  not  reach  the  flat-wrap  portion  of  the  insulation.  However,  in  the 
high-erosion  locations  (one  or  two  diameters  from  90-deg  turns),  erosion  was 
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observed  in  the  flat-wrap  layer.  Consequently,  the  design  was  changed  to 
require  a  45  ±  5  deg  shir.gle  angle,  which  required  development  of  a  new 
process. 

7.  5.  1.2  45-Deg  Shingle  Angle  Laminate 

To  obtain  a  45-deg  shingle  angle,  the  use  of  pre-cut  (dinked)  disks  in  flat 
washer  form  was  investigated.  Tooling  was  provided  to  assemble  these  disks 
at  a  45-deg  angle  over  a  central  shaft  mandrel  as  a  preform  assembly  within 
a  restraining  cylinder.  This  preform  assembly  became  the  curing  tool  when 
the  required  end-cap  tooling  was  added.  Moderate  preforming  pressure  was 
applied  to  locate  the  disks  initially  until  the  required  number  of  disks  were 
loaded  to  achieve  the  desired  part  length.  The  preform  was  then  cured  in  a 
platen  press  in  a  stepwise  fashion. 

» 

Initially,  the  assembly  was  subjected  to  a  dwell  at  160°F  for  a  period  of 
1  hour  at  contact  pressure  to  provide  initial  resin  flow.  Subsequently,  the 
part  temperature  was  raised  to  220°F  and  the  load  increased  to  6  tons.  While 
maintaining  this  load,  the  part  was  raised  to  350  °F  for  the  final  dwell  cure 
of  3  hours  at  load. 

The  above  process  provided  a  molded-quartz/phenolic  45-deg-angle  composite 
with  densities  of  109.4  pcf  minimum  to  111.3  pcf  maximum.  The  procedure 
overcame  the  limitation  of  maintained  angle  versus  thickness  experienced 
with  the  wrapped  technique  as  well  as  the  OD/ID  limitations  previously 
experienced. 

7.  5.  1.3  Nondestructive  Inspection 

Tests  were  conducted  to  develop  a  nondestructive  method  for  determining  the 
shingle-angle  orientation  of  fully  machined  liners.  X-  and  neutron- radiography, 
as  well  as  microscopic  and  visual  examination,  were  investigated.  It  was 
found  that  the  laminate  orientation  of  installed  liners  could  best  be  deter¬ 
mined  by  careful  examination  of  tangential  x-rays  with  the  aid  of  a  low- power 
magnifying  glass,  using  a  high-intensity  x-ray  film  viewer. 
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7.5.2  Adhesive  Bonding 

A  double-tee  manifold  practice  part  was  designed  and  fabricated  from  a 
Plexiglas  block.  Simulated  quartz/phenolic  insulation  liners  and  end  caps 
were  fabricated  from  aluminum.  The  Plexiglas  part  with  the  simulated 
insulation  bonded  in  place  is  shown  in  Figures  7-11  and  7-12.  Three  mutually 
perpendicular  liners  were  required:  a  lower  (inlet)  liner,  a  vertical  liner, 
and  an  upper  liner. 

7.  5.2.  1  Bonding  the  Lower  Insulation  Liner 

All  tooling  aids  and  the  interior  of  the  Plexiglas  block  were  coated  with  mold 
release  to  aid  in  removal,  if  required,  of  the  cured  or  uncured  resin.  The 
lower  insulation  liner  was  inserted.  Small  shims  to  hold  the  liner  to  allow  a 
concentric  gap  of  7  to  10  mils  around  the  liner  were  positioned  in  three  places 
at  each  end.  Several  tests  employing  various  combinations  of  vacuum  and 
resin  introduction  were  made.  The  best  technique  was  as  illustrated  in  Fig¬ 
ure  7-13,  The  resin  used  was  catalyzed  and  degassed  and  placed  in  the  injec¬ 
tion  cartridge  with  the  adjacent  valve  closed.  A  vacuum  of  29  inches  of 
mercury  was  applied  to  the  part  and  the  part  was  checked  for  leakage.  After 
all  leakage  was  eliminated,  the  valve  adjacent  to  the  resin  reservoir  was 
opened.  The  resin  flowed  easily  around  the  lower  insulation  liner,  which  was 
plugged  on  each  end  as  shown. 

Epon  919  epoxy  resin  was  the  first  resin  tested.  While  curing  24  hours  at 
room  temperature,  this  resin  exhibited  a  large  amount  of  shrinkage  which 
was  manifested  in  large  areas  of  debonding.  Stycast  2850-FT  epoxy  resin 
was  tested  next.  This  resin  required  a  160°F  oven  cure  and  also  exhibited 
debonding  due  to  unequal  expansion  and  contraction  between  the  plastic  block 
and  the  metal  liner.  EC-2216  epoxy  resin  was  tested  next.  This  resin 
proved,  on  curing  16  hours  at  room  temperature,  to  have  low  shrinkage,  and 
a  continuous  bond  line  was  achieved.  EC-2216  was  used  in  the  balance  of  the 
tests  described  herein,  and  for  all  vacuum  bonding  of  JI  liners. 

A  laboratory  comparison  of  the  volume  shrinkage  during  cure  of  Epon  919  and 
EC-2216  was  also  made.  These  data  are  presented  in  Table  7-3,  and  show 
the  relatively  low  volumetric  shrinkage  of  EC-2216.  After  curing,  the  top 
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Table  7-3 


COMPARISON  OF  VOLUME  SHRINKAGE  OF  EPON  919  AND  EC-2216 


Epon  919 

EC  2216 

Volume  of  Mold  (cc) 

160.  7 

161.  1 

Weight  of  Cured  Block  (g) 

167.  7 

205.9 

Specific  Gravity 

1.  12 

1.  30 

Volume  of  Cured  Block  (cc) 

149.  7 

158.4 

Volume  Loss  (cc) 

11.  0 

2.  7 

Volume  Shrinkage  (%) 

6.  6 

1.  7 

plug  was  removed  and  a  hole  of  the  same  diameter  as  the  vertical  shaft  was 
drilled  through  the  excess  cured  resin  and  through  the  upper  wall  of  the  lower 
insulation  liner,  in  the  same  manner  as  would  be  done  in  production. 

7.  5.2.2  Bonding  the  Vertical  Insulation  Liner 

The  vertical  insulation  liner,  a  duplicate  piece  of  which  is  seen  on  the  right 
top  of  the  Plexiglas  block  in  Figure  7-11,  was  placed  in  the  vertical  shaft  and 
three  shims  were  placed  around  it  at  the  upper  edge  of  the  vertical  shaft.  A 
precast  epoxy  mandrel,  seen  standing  to  the  left  of  the  Plexiglas  block  in 
Figure  7-11,  was  inserted  into  the  bonded  lower  insulation  liner.  With  the 
assembly  as  shown  in  Figure  7-14,  the  resin  was  catalyzed,  degassed,  and 
placed  in  the  reservoir  above  the  block  with  the  valve  below  the  reservoir 
closed.  Vacuum  at  29  inches  of  mercury  was  applied  to  the  parts.  After 
leaks  were  sealed,  the  valve  was  opened  and  the  resin  allowed  to  flow  around 
the  vertical  liner.  After  curing  16  hours  at  room  temperature,  the  end  caps 
were  removed  and  the  excess  upper  vertical  liner  section  and  the  excess 
cured  resin  were  drilled  out  horizontally  through  the  upper  tube. 

7.  5.2.  3  Bonding  the  Upper  Insulation  Liper 

The  upper  insulation  liner,  which  had  a  hole  predrilled  in  the  side,  was 
placed  in  the  block  with  shims  at  each  end  and  the  side  holes  lined  up  with 
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the  vertical  shaft  as  shown  in  Figure  7-15.  A  rubber  bladder  was  fabricated 
to  fill  the  vertical  shaft  area.  The  function  of  this  bladder  was  to  keep  the 
resin  out  of  the  vertical  shaft  area,  which  is  inaccessible  for  post-cure 
cleaning.  The  bladder  was  inflated  to  5  psig.  With  the  upper  insulation  liner 
plugged  at  each  end,  vacuum  at  29  inches  of  mercury  was  applied  to  the  part. 
After  leakage  was  sealed,  the  catalyzed  and  degassed  resin  was  allowed  to 
flow  around  the  upper  insulation  liner.  Before  cure,  the  excess  resin  was 
removed  below  the  top  plug. 

7.  5.2.4  Bonding  Liners  to  JI  Manifold  Functional  Test  Parts 
Varous  liners  of  quartz/phenolic,  quaxtz/phenolic-wrapped  ceramic, and 
quartz/phenolic-wrapped  titanium- zirconia  were  bonded  to  JI  manifold  test 
parts  using  techniques  described  above  with  minor  variations.  As  the  parts 
were  metal,  the  end  caps  were  fabricated  from  Pie  ;glas  to  facilitate  observa¬ 
tion  of  the  resin  flow.  Results  of  the  tests  appear  in  Reference  7-2. 

7.  5.  2.  5  Pressure  Injection  Bonding 

A  design  change  to  add  additional  internal  insulation  to  the  JI  manifold 
required  the  bonding  of  a  0.  1 5 0- inch-thick  quartz/ phenolic  "patch"  liner  in 
an  existing  1.3-inch-ID  quartz/ phenolic-lined  segment.  Because  of  the  con¬ 
figuration,  vacuum  bonding  was  difficult,  ?-.d  a  new  method  was  developed. 

The  new  method  involved  machining  longitudinal  grooves  0.  080  inch  wide 
and  0.  025  inch  deep  on  the  patch  liner  OD.  A  special  injection  tool  was 
designed  and  fabricated  to  allow  adhesive  to  be  injected  from  a  standard 
90- psig  injection  cartridge  into  an  annular  space  at  one  end  of  the  patch 
liner,  forcing  the  adhesive  to  fill  the  grooves.  Using  a  Plexiglas  model,  a 
low- viscosity  epoxy  adhesive  was  injected  in  this  manner,  filling  the  2-inch- 
long  grooves  completely.  Two  test  specimens  were  fabrica  d  with  this 
method,  using  grooved  patch  liners  which  fit  snugly  into  cylindrical  outer 
liners,  both  made  of  quartz/ phenolic.  Shear  tests  of  these  test  parts  were 
conducted  and  showed  that  the  shear  strength  of  the  bond  exceeded  the  design 
requirement  by  a  factor  of  six. 
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7.5.3  Nondestructive  Bond  Inspection 

Two  test  standards  were  constructed,  each  containing  four  sizes  of  simulated 
discrete  defects.  Aluminum  tubing  of  1-3/4-inch  OD  with  a  1/ 8-inch  wall  was 
used.  A  quartz/ phenolic  liner  with  a  3/ 1 6-inch- thick  wall  was  made  to  fit 
inside  the  tube.  Both  were  cut  12  inches  long  and  were  split  lengthwise  before, 
bonding.  Four  sizes  of  holes  were  drilled  in  each  half  of  the  liner:.  1/8-,  1/4-, 
3/8-,  and  1/ 2-inch  diameter.  Quartz/ phenolic  plugs  were  made  to  fit  the  holes. 
The  liners  were  then  bonded  to  the  inside  surface  of  the  tube  halves.  After 
curing,  the  holes  in  the  liner  of  each  assembly  were  cleaned  of  all  excess 
adhesive.  In  one  of  the  standards,  the  plugs  were  inserted  and  bonded  in  the 
holes,  leaving  an  air  gap  between  the  plug  and  the  aluminum  wall  equivalent  to 
the  original  bond  line  thickness,  to  simulate  voids  in  the  adhesive.  For  the 
second  standard,  the  plugs  were  coated  on  one  surface  with  adhesive  .and 
cured,  then  inserted  with  the  cured  adhesive  against  the  aluminum  surface 
to  simulate  unbonds  between  the  aluminum  and  the  adhesive. 

Using  these  prototype  standards,  four  potentially  applicable  and  available 
nondestructive  test  techniques  were  evaluated.  Limited  effort  with  resonance- 
loading,  eddy- sonics,  and  x- radiography  indicated  that  none  of  these  methods 
effectively  detected  the  simulated  defects.  Based  on  the  initial  work,  it 
appeared  that  manual  contact  pulse-echo  ultrasonic  inspection  would  be  the 
only  usable  method.  The  minimum  size  of  detectable  unbond  or  adhesive 
void  by  this  method  was  1/4  inch,  except  that  defects  beneath  nonuniform 
metal  cross  sections  could  not  be  detected  at  all. 

Additional  investigations  later  showed  that  very  careful  inspection  of  enhanced 
x- radiographs  was  capable  of  detecting  some  adhesive  voids.  Also,  neutron 
radiography  was  found  capable  of  revealing  voids  as  small  as  1/8  inch  in 
diameter  with  ease  and  clarity.  Accordingly,  neutron  radiography  was 
employed  to  inspect  all  manifold  segments  for  voids. 


7-35 


7.  5.4  Knitted  Quartz /Phenolic  Liners 

A  number  of  right-angle  and  Y-sections  were  braided.  Upon  examination  of 
these  articles,  it  was  observed  that  in  the  most  critical  area  (the  rounded 
corners  at  the  intersections),  the  fiber  density  was  low  and  variable.  This 
was  an  inherent  characteristic  of  the  braiding  process  and  unsatisfactory. 
Vendors  were  also  contacted  relative  to  the  feasibility  of  obtaining  woven  or 
knitted  articles.  Although  this  approach  appeared  promising,  time  and  budget 
constraints  did  not  permit  its  further  pursuit.  Accordingly,  two  quartz-fiber 
sock  liners  were  knitted  manually  at  MDAC  to  examine  straight  sections  with 
and  without  a  flared  end.  The  flared-end  approach  provided  the  desired 
rounded  edge  at  an  intersection  (to  promote  a  more  streamlined  flow).  The 
hand-knitted  quartz  liners  were  impregnated  with  phenolic  resin  and 
partially  cured  (B-staged)  by  heating  at  180°F  for  a  dwell  period  of  30  co 
40  minutes. 

The  straight  liner  prepreg  was  slipped  over  a  metal  mandrel  and  given  an 
over- wrap  with  quartz /phenolic  tape.  The  liner  was  then  vacuum- bagged  and 
cured  using  procedures  similar  to  those  employed  for  dinked  liners. 

The  flared-end  liner  prepreg  was  inserted  into  a  matching  primed  metal 
sleeve  and  cured  by  inserting  a  rubber  bladder  (for  internal  pressurization), 
vacuum- bagging,  and  curing. 

The  knitted  liners  were  subsequently  bonded  into  a  JI  functional  test  manifold, 
using  epoxy  adhesive.  The  bonding  process  used  was  a  standard  one.  No 
processing  problems  were  observed.  Results  of  the  functional  test  of  the 
knitted  material  are  reported  in  Reference  7-2. 

In  addition  to  the  functional  test  knitted  parts,  additional  knitted  liners  were 
made,  but  not  impregnated,  to  establish  the  feasibility  of  knitting  complex  tee 
and  cross  configurations.  Figure  7-4  shows  the  most  complex  configuration 
that  was  made.  It  was  found  that  glass,  high- silica,  and  quartz  fibers  had 
very  similar  knitting  characteristics,  and  that  ordinary  knitting  needles 
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could  be  used,  although  frequent  replacement  was  required  because  of 
abrasive  wear  by  the  yarn.  No  additional  sock  development  was  pursued 
because  the  design  baseline  approach  (dinked  quartz  liners)  performed 
satisfactorily. 

7.6  QUARTZ/ PHENOLIC  NOZZLE  FABRICATION 

Figure  7-5  shows  a  cross  section  of  the  JI  nozzle  assembly,  as  originally 
designed.  The  initial  manufacturing  sequence  for  the  insulation  began  with 
the  fabrication  of  a  machinable  quartz/ phenolic  flat-wrapped  core  preform. 
The  preform  was  given  a  preliminary  densification  step  in  an  autoclave  at 
160°F,  50-psig  pressure,  with  vacuum,  for  a  dwell  period  of  50  minutes. 
After  densification,  the  preform  was  machined  to  match  the  titanium  nozzle 
body  end.  The  titanium  was  then  grit- blasted  and  primed,  and  adhesive  was 
applied  to  the  OD  and  end  surfaces.  The  assembly,  consisting  of  the  titanium 
body  and  mated  quartz/ phenolic  preform,  was  then  over-wrapped  (flat)  with 
quartz/ phenolic  tape  and  cured. 

The  first  approach  was  to  flat-wrap  the  core  preform  to  obtain  the  configu¬ 
ration  shown  in  Figure  7- 16a.  The  densification,  machining,  assembly, 
bonding,  o^er-wrap,  and  curing  steps  were  as  described  for  the  liners  in 
Subsection  7.  5.  1.  1.  Initial  functional  testing  with  this  configuration  was 
successful,  except  that  an  undesirable  amount  of  erosion  was  measured  in 
the  insulation.  As  an  added  factor  of  safety,  ic  was  desired  to  try  to  reduce 
the  observed  erosion  by  changing  the  ply  orientation  in  the  core  insulation, 
as  shown  in  Figure  7- 16b. 

Preform  tooling  was  provided  to  permit  fabrication  of  a  vee-  or  chevron¬ 
shaped  preform  having  a  30-deg  angle.  Rectangular  pieces  were  precut  from 
a  quartz/ phenolic  prepreg  and  preformed  at  1,  000- psi  pressure  to  provide  a 
preform  of  the  required  geometry  in  terms  of  angle,  width,  depth,  and  height. 
This  preform  was  densified,  machined,  assembled  to  the  titanium  nozzle 
body,  and  cured  as  the  flat- wrap  configuration  was.  The  orientation  of  the 
angled  preform  assembly  to  the  nozzle  body  was  such  that  the  desired 
laminate  angle  was  presented  to  the  internal  gas  flow  to  minimize  peeling 
effects  (30  deg  to  the  flow  direction).  In  functional  tests,  this  configuration 
failed  structurally  (see  Reference  7-2),  so  no  additional  development 
was  pursued. 
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Later,  it  was  found  necessary  to  cure  the  flat- wrapped  core  completely  prior 
to  assembly  to  reduce  wrinkling  and  distortion  of  the  over-wrapped  insulation 
during  the  over-wrap  cure  cycle  and  to  assure  that  an  adequate  number  of 
continuous  circumferential  plies  would  remain  in  the  over-wrapped  insulation 
after  final  machining. 

7.  7  PROBLEMS  AND  SOLUTIONS 

The  following  is  a  summary  of  the  problems  encountered  and  solutions  found 
during  the  internal  insulation  process  development  tests. 


Problem 


Solution 


Molded  rubber  liners  had  voids. 

Wall  thickness  variations  in 
molded  rubber  liners  exceeded 
the  specified  tolerance. 

Molded  rubber  liners  had 
stepped  seam  longitudinally. 
Straight  molded  tubes  could  not 
be  installed  into  bent  segments 
of  metal  ducts. 

Adhesion  of  the  rubber  to  the 
metal  ducts  was  not  reproducible 
using  the  standard  degreasing 
and  priming  methods. 


Improved  method  of  loading  uncured 
rubber  into  the  mold  cavity. 

(a)  Fabricated  a  straighter  core 
mandrel. 

(b)  Changed  the  duct  design  to  allow 
greater  wall  thickness  variations. 

Added  dowel  pins  and  holes  to  mold 
halves. 

Reduced  liner  OD  to  allow  for  changes 
in  duct  geometry  at  bends. 

(a)  Developed  a  new  metal  surface 
preparation:  abrasive  scrub, 
descale,  dry,  solvent  wipe,  and 
prime  within  1  hour  after  descaling. 

(b)  A  mold- release  solution  of  mixed 
alkyl  sulfonates  in  water  was  used, 
which  could  be  washed  off  the 
molded  liners,  thereby  providing 
consistently  acceptable  adhesion 
to  metal. 
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Problem  Solution 

(c)  Wiped  the  liner  with  MEK  and 


Voids  were  found  in  the  adhesive 
between  the  rubber  and  the  met:.!. 

Blisters  formed  in  the  lined  duct 
during  rapid  depressurization  after 
pneumatic  testing. 

Incomplete  curing  was  found  in 
RTV-731  and  93-072  adhesives. 


A  nondestructive  test  was  desired 
to  detect  voids  and  unbonded  regions 
in  the  liner. 


A  method  of  applying  void-free 
insulation  coatings  up  to  0.  25  inch 
thick  to  the  interior  walls  of  the  JI 
manifold  was  required. 

Adhesion  of  the  RTV  insulation 
coating  to  titanium  using  conventional 
cleaning  and  priming  techniques 
was  unsatisfactory. 


primed  it  with  RTV-731. 

(d)  Added  a  peel  test  using  a  strip  of 
liner  material  bonded  to  the  duct 
OD  to  verify  proper  surface 
preparation  and  curing. 

Assembled  the  liner  into  the  metal 
tube  in  a  vacuum  chamber,  and  pres¬ 
surized  the  liner  during  curing  to 
exclude  entrapped  air. 

Changed  test  procedures  to  eliminate 
gas  entrapment  behind  the  liner. 

(a)  Eliminated  use  of  RTV-731 
adhesive  where  presence  of 
moisture  was  not  assured. 

(b)  Raised  cure  temperature  of 
93-072  to  300°  F  and  verified  cure 
by  peel  test  of  liner  material 
bonded  on  the  duct  OD. 

As  no  effective  method  of  nondestructive 
inspection  was  found,  imposed  close 
controls  and  supervision  of  bonding 
process  and  functionally  tested  lined 
ducts  from  each  batch  to  verify 
acceptable  bonding. 

Special  tooling  was  fabricated  and  a 
technique  of  pressure  injecting  the  RTV 
insulation  material  into  an  evacuated 
cavity  was  developed. 

An  improved  method  of  surface  prepar¬ 
ation  was  developed  in  which  the  part 
was  thoroughly  degreased,  power 
drum- sanded  with  30- grit  paper,  and 
primed  with  SS-4155  primer. 


Problem 


Solution 


Tape  wrapping  at  10-deg  shingle  Developed  a  dinked  laminate  process 

angle  provided  inadequate  insula-  to  obtain  a  45-deg  shingle  angle, 
tion  thickness. 

The  adhesive  migrated  into  a  JI  A  special  rubber  bladder  was  fabri- 

manifold  area  inaccessible  for  cated  and  inflated  in  the  inaccessible 

cleaning  during  processing.  area  to  hold  resin  out. 

The  progress  of  the  resin  was  not  Plexiglas  end  caps  were  fabricated, 
observable  within  metal  parts. 

Wrinkling  and  distortion  of  the  Cured  the  core  completely  prior  to 

nozzle  preform  core  assembly  assembly  to  allow  tighter  over- 

occurred  during  curing.  wrapping  and  reduce  distortion. 

Braiding  process  produced  low  Used  hand-knitting  process, 

and  variable  fiber  density. 

7.  8  CONCLUSIONS  AND  RECOMMENDATIONS 

A  liner  molded  from  Silastic  55  silicone  rubber  was  produced  and  successfully 
bonded  into  the  interior  of  the  EB  warm- gas  manifold  liner.  The  liner  had  to 
be  bonded  with  an  elastomeric  adhesive  using  an  assembly  process  that 
eliminated  observable  voids.  However,  a  liner  made  by  the  same  process 
failed  to  withstand  the  flow  environment  in  the  vent  tube.  Improved  processes 
should  be  developed  to  fabricate  liners  which  can  withstand  severe  flow 
conditions. 

The  attempts  to  develop  and  refine  a  nondestructive  inspection  technique  for 
the  molded  rubber  liners  bonded  inside  metal  tubing  were  largely  unsuccesful. 
Further  work  in  this  area  is  recommended.  There  may  be  some  potential  in 
shear-wave  pulse-echo  evaluation,  neutron  radiography,  and  Lamb  wave 
propagation  and  damping.  In  addition,  some  material  or  design  changes  may 
enhance  inspectability. 

A  technique  that  applied  a  dense,  void-free  insulation  coating  to  the  interior 
of  the  JI  manifold  was  developed.  It  is  recommended  that  other  castable 
materials  be  tested  to  develop  acceptable  fabrication  and  improved  perfor¬ 
mance  in  hot- gas  ducts. 
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The  45-deg-angle  composite  produced  a  tube  lining  with  satisfactory  density 
for  good  ablation  characteristics  without  thickness  limitations. 

Both  J1  nozzle  preform  processes  produced  satisfactory  laminates.  However, 
the  vee- shaped  preform  was  produced  at  considerable  increase  in  labor  cost. 

Neutron  radiography  was  an  effective  method  for  detecting  voids  in  adhesive 
between  metal  ducts  and  quartz/ phenolic  liners,  and  is  highly  recommended 
for  future  inspection  of  similar  bonded  assemblies. 

A  method  of  applying  a  dense,  relatively  void-free  adhesive  layer  between 
the  liner  and  the  JI  manifold  wall  was  developed,  using  vacuum  injection  and 
pressure  injection  into  grooves. 

Knitting  and  impregnating  of  quartz  socks  to  provide  continuous  insulation 
in  intersecting  ducts  was  demonstrated  to  be  feasible.  Mechanized  knitting 
methods  should  be  developed,  and  prototype  liners  for  intersecting  ducts 
should  be  made  and  tested  in  hot-gas  environments  to  assess  the  performance 
of  this  type  of  liner  in  flow  around  corners. 


Section  8 

HERCULES  HiBEX-U  PROPELLANT  PROCESSING 

The  HiBEX  motor  which  was  developed  under  the  ARPA  HiBEX  Project 
(Reference  8-1)  was  used  in  the  UpSTAGE  Experiment  program  (Reference  8-2) 
with  some  design  modifications.  The  modifications  complying  with  experiment 
requirements  included  design  changes  to  the  nozzle  by  removing  the  TVC 
hardware,  thus  reducing  weight;  incorporation  of  safety  improvements  to  the 
igniter;  and  use  of  an  inert  liquid  carrier,  n-heptane,  as  a  casting- powder 
processing  aid.  Thtf  design  modifications  to  the  nozzle  increased  booit  burnout 
velocity.  The  use  of  heptane  was  verified  in  full-scale  motor  manufacture 
and  subsequent  static  and  flight  tests. 

A  process  study  using  heptane  was  conducted  in  conjunction  with  and  supple¬ 
mentary  to  ABMDA/Hercules  inert-carrier  studies  (Phase  I  is  described  in 
Reference  8-3  and  Phase  II  in  Reference  8-4). 

The  objective  of  Phase  I  was  to  demonstrate  a  safer  FDN  propellant¬ 
manufacturing  process  and  to  define  the  growth  potential  of  high-burn-rate, 
FDN-type  propellants  via  formulation  changes. 

The  objective  of  Phase  II  was  to  evaluate  the  feasibility  of  using  heptane  in 
the  key  FDN  propellant  processing  operations  and  to  establish  requirements 
for  the  planned  process  of  manufacturing  HiBEX  motors  for  the  UpSTAGE 
program. 

8.  1  REQUIREMENTS 

The  program  requirements  for  the  UpSTAGE  Experiment  specified  use  of  the 
HiBEX  Phase  D  rocket  motor  and  its  components  for  the  boost  phase  of  the 
flights.  Minimum  redesign  and  engineering  analyses  of  the  HiBEX  nozzle 
we-e  also  specified  for  eliminating  the  HiBEX  TVC  and  TVC  system  mounting 
pro  /isions. 
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The  modified  composite  double-base  propellant  processed  with  inert  liquid 
carrier  (n-heptane),  designated  FDN-80,  was  specified  for  the  grains  of  all 
UpSTAGE  motors. 

8.  2  HiBEX-U  CONFIGURATION 

The  rocket  motor  assembly  (Figure  8-1)  consists  of  three  major  components: 
the  loaded  case  assembly,  the  nozzle  and  closure  assembly,  and  the  loaded 
igniter  assembly.  Only  the  loaded  case  assembly  is  discussed  in  this  section. 
The  nozzle  and  closure  assembly  and  the  loaded  igniter  assembly  are 
discussed  in  Appendix  F. 

The  loaded  case  assembly  consists  of  the  case  subassembly,  the  propellant 
grain,  a  hot-gas  seal,  and  miscellaneous  case  components.  The  conical 
fiber  glass  case,  with  metal  skirt  attachment  (splice)  rings  and  adapters, 
contains  FDN-80  propellant.  Of  particular  interest  is  the  effect  of  liquid- 
carrier  heptane  on  FDN  propellant  processing  and  its  subsequent  loaded 
effects  upon  propellant  structural  integrity  and  motor  performance.  Therefore, 
propellant  processing  and  motor  loading  are  subsequently  discussed  in  depth. 

8.  3  PROPELLANT  GRAIN 

The  HiBEX-U  propellant  grain  is  an  FDN-80  composite  modified  double-base 
propellant  in  a  single-perforated  11-point  star  configuration.  Radial  stress 
relief  grooves  are  contained  at  the  port  openings  in  both  the  forward  and  aft 
dome  areas.  The  propellant  is  bonded  to  the  case  with  a  bimodal  powder- 
embedment  case-bond  system.  The  propellant  burn  rate  is  increased  by  the 
use  of  zirconium  staples  randomly  dispersed  throughout  the  propellant  mass. 
Inert  slivers  placed  against  the  case  wall  at  the  base  of  each  star  point  modify 
the  final  propellant  burning  surface  to  control  excessively  long  motor- pressure¬ 
time  tailoff. 

8.  3.  1  Casting  Powder  Process 

As  described  in  Appendix  G  ,  the  objective  of  using  heptane  with  FDN  was  to 
minimize  or  eliminate  the  processing  hazards  (electrostatic-charge  buildup)  of 
dry- powder  handling  during  manufacture  of  FDN.  The  inert- liquid  process  con¬ 
sisted  of  several  manufacturing  operations  that  had  common  sensitivity  charac¬ 
teristics  such  as  impact,  impingement  (granule- to- granule  friction), 
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HtBEX  Rocket  Motor  Assembly 


electrostatic  discharge  initiation,  electrostatic  generation,  and  transition. 

The  results  of  the  tests  were  as  follows: 

A.  The  impact  sensitivity  of  FDN  powder  was  not  mitigated  by 
submergence  in  heptane. 

B.  Granule  friction  was  reduced  by  submergence  in  heptane. 

C.  Powder-to-powder  friction  did  not  improve  with  submergence  in 
heptane. 

D.  The  electrostatic  potential  of  casting  powder  in  heptane  was 
dissipated  through  proper  grounding. 

E.  Transition  height  was  increased  5-1/2  times  (small  diameter) 
through  the  use  of  heptane. 

F.  FDN  powder  in  heptane  increased  the  handling  margin  of  safety  by:. 

1.  Elimination  of  dust. 

2.  Improvements  in  control  of  powder  granule  velocity. 

3.  Increase  in  transition  height. 

4.  Positive  control  of  electrostatic  dissipation. 

Figures  8-2  and  8-3  are  flow  diagrams  of  FDN  casting-powder  manufacture 
and  motor-loading  processes  with  heptane.  With  the  exception  of  the  precutting 
and  cutting  operations,  the  powder  was  stored,  handled,  and  loaded  under 
heptane  from  the  time  casting-powder  extrusions  were  cut  until  the  propellant 
was  loaded  into  the  motor  case. 

The  process  from  manufacture  of  casting  powder  through  casting- powder 
cutting  included:; 

A.  Grinding  ammonium  perchlorate  (AP). 

The  grinding  of  AP  is  directly  related  to  the  burning  rate  of  the  FDN 
propellant.  Based  on  the  original  HiBEX  data,  the  maximum 
statistical  limits  for  particle  size  were  established  as: 

1.  100  weight- percent  to  be  no  greater  than  20  micro;. a 

2.  50  weight- percent  to  be  no  greater  than  8  microns 

B.  Preparation  of  premix. 

This  process  included  the  formulation  of  nitrocellulose,  nitroglycerin, 
acetone,  and  alcohol. 

C.  Pi eparation  of  oxidizer/ stabilizer  slurry. 

The  slurry  was  a  mixture  of  resorcinol,  AP,  and  acetone. 
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Figure  8-2.  FDN  Casting  Powder  Manufacture 


D.  Mixing. 

The  final  t  -xing  operation  combined  2-nitrodiphenylamine  (2-NDPA), 
acetone,  premix,  oxidizer/ stabilizer,  aluminum  powder,  and 
zirconium  staples,  forming  a  casting-powder  dough. 

E.  Pressing  and  cutting. 

The  zirconium  staples  were  added  to  the  dough  in  a  mixer,  then 
pressed  and  cut  into  cylindrical- shaped  casting-powder  granules 
(green  powder).  The  granule  specification  indicated  an  acceptable 
diameter  range  of  0.  125  to  0.  145  inch  and  an  L/D  ratio  of  1.  15  ±0.  05. 
The  granules  were  placed  in  heptane  and  2-NDPA  solution  for  storing 
and  handling.  The  zirconium  staple  dimensions  (in  inches)  were:; 


1. 

length: 

0. 125  ±0.  00 

2. 

width: 

0.  0045  +0.  001,  -0.  0005 

3. 

thickness : 

0. 0005  ±0.  00005 

F.  Green  powder. 

The  pressed  and  cut  granule  composition,  at  this  stage  called  green 
powder,  was  immersed  in  heptane  for  the  first  time  and  agitated  by 
rotation  to  prevent  granule  clustering  or  agglomeration.  Then  the 
heptane  was  drained  and  the  powder  dried  and  reimmersed  in  heptane. 
The  shaping,  screening,  and  blending  operations  were  conducted 
while  the  powder  was  wet  or  immersed  in  heptane. 

G.  Mold  loading. 

One  of  the  major  advantages  of  the  heptane  process  was  in  the  mold¬ 
loading  operation.  The  presence  of  heptane  limited  and  reduced  the 
velocity  of  powder- granule  flow  into  the  mold,  thus  reducing  electro¬ 
static  charge,  etc.  However,  reduced  velocity  caused  low-density 
loading. 

Of  greatest  concern  in  the  manufacture  of  the  HiBEX-U  motor  was  that  the 
propellant  in  the  motor  maintain  the  same  ballistic  properties  as  the  previously 
manufactured  FDN  propellant.  Therefore,  three  areas  were  monitored  during 

the  manufacture  of  the  HiBEX-U  motor:,  powder/ solvent  ratio,  mechanical 
effects,  and  ballistic  characteristics. 

8.3.2  Powder / Solvent  Ratio  and  Ballistics 

The  ratio  of  the  weight  of  casting  powder  loaded  into  a  full-scale  motor  case 
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to  the  weight  of  casting  solvent  is  called  the  powder- to- solvent  (P/S)  ratio. 

The  ballistic  characteristics  of  the  propellant  are  sensitive  to  P/S  ratio.  A 
direct  comparison  of  propellant  rates  from  different  propellant  lots  was  not 
a  valid  method  of  evaluating  propellant  powder  unless  the  P/S  ratios  from  the 
lots  were  normalized  or  adjusted  to  the  same  P/S  values.  A  comparison  of 
burning  rates  between  the  original  HiBEX  and  UpSTAGE  HiBEX-U  is  shown 
in  Table  8-1.  The  HiBEX-U  burning  rate  was  outside  the  accept/reject 
criteria  established  for  the  UpSTAGE  program.  When  the  HiBEX-U  P/S 
ratio  was  adjusted  to  that  of  the  original  HiBEX  to  »  the  burn¬ 

ing  rate  fell  within  the  acceptable  range.  In  fact,  the  ballistics  for  the  pro¬ 
pellant  processed  with  heptane  showed  a  higher  propellant  burn  rate  at  the 
same  P/S  ratio.  Based  on  the  development  of  the  HiBEX  FDN  propellant 
with  heptane,  it  was  concluded  that  a  1-percent  increase  in  P/S  ratio  increased 
the  burning  rate  by  0.  13  in.  /sec. 

A  comparison  of  the  normalized  specific  impulse  of  the  HiBEX-U  propellant 
with  the  original  IliBEX  propellant  showed  an  increase  of  0.  7  percent  in 
specific  impulse  (Table  8-1).  The  difference  was  attributable  to  the  method 
of  determining  propellant  weight.  That  is,  the  original  HiBEX  specific  impulse 
included  all  consumable  weights;  i.e.,  propellant  and  inhibitor  (propellant 
weight  less  grain  weight).  The  specific  impulse  for  HiBEX-U  was  determined 
with  consumable  propellant  weight  only. 

Table  8-1 

BALLISTIC  COMPARISONS 


Propellant 

P/S 

Burning  Rate^1 2 
Comparisons 
(Percent  from 
Nominal) 

Normalized 

Specific 

Impulse 

(Percent) 

(Accept/ reject  criteria) 

73.  64 

105 

±3.  00 

Original  HiBEX 

73.  64 

26.  36 

-2.56 

i.  oooo'/3) 

HiBEX-U 

70.29 

29.71 

-4.  09 

1. 0068(4) 

Adjusted  HiBEX-U 

73.  64^ 
T67T6 

-0.  77 

1. 0056(4) 

(1)  2,  000  psi  at  70° F  (3)  Included  inhibitor  weight 

(2)  Adjusted  to  original  HiBEX  P/ S  (4)  Consumable  propellant  weight  only 


Mold  filling  efficiency  (MFE)  is  the  ratio  of  the  density  of  powder  loaded  into 
a  full-scale  case  compared  to  the  density  of  powder  from  a  standardized  small- 
scale  test  mold  filled  by  gravity- screen  loading.  In  other  words, 

„„  _  Unit  packing  density 

Screen  loading  density 


where  packing  density  = 


powder  weight 
mold  volume 


The  predicted  P/S  ratio  (percent  of  casting  powder)  was  determined  by  the 
following  equation:; 


Percent  of  casting  powder 


(SLD)(MFE)(100) 


T" 

£ 

p- 


P  +  (SLDMMFE)  [1 
s 


cpy 


and 


Percent  of  casting  solvent  =  100  -  Percent  of  casting  powder 

where 

SLD  =  screen  loading  density 
MFE  =  mold  loading  efficiency 
Pg  =  density  of  casting  solvent 
Pcp  =  density  of  casting  powder 

After  the  successful  static  firing  of  the  first  FDN  HiBEX-U  motor  manufactured 
by  the  liquid- carrier  process,  an  acceptable  range  of  MFE. values  was  estab¬ 
lished  between  101.  1  and  104.  5  percent  based  on  a  static  motor  MFE  of 
103.4  percent.  The  limits  of  the  mold- filling  efficiency  were  based  on 
frequency /force  values  (sufficient  vibration  necessary  to  impart  movement 
to  the  powder  bed)  obtained  from  the  study  and  motor  loading  of  the  static 
motor  to  facilitate  adequate  packing  of  casting  powder  immersed  in  heptane. 
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The  subscale  test  results  were  within  the  MFE  and  P/S  ratio  range  of  three 
HiBEX  motors  from  the  original  HiBEX  program,  thus  verifying  the  use  of 
the  original  P/S  ratio  range.  The  use  of  heptane  in  the  propellant  process 
improved  control  over  MFE  and  P/S  ratio,  which  were  functions  of  vibration 
characteristics  established  for  the  loading  operation.  For  example,  high 
frequency  and  low  amplitude  vibration  during  motor  loading  produced  loaded 
motors  with  lower  than  expected  burn  rates;  low  frequency  and  high  amplitude 
produced  motors  of  higher  than  expected  burn  rates.  Thus,  the  vibration 
levels  used  during  motor  loading  controlled  the  MFE  and  P/S.  The  ability 
to  adjust  the  vibration  levels  during  motor  loading  provided  the  means  to 
obtain  a  uniform  density  from  the  forward  to  the  aft  end  of  the  motor. 

Table  8-2  shows  the  HiBEX- U  MFE  range  to  be  higher  than  that  of  the  original 
HiBEX  MFE. 

8.  3.  3  Mechanical  Effects 

The  mechanical  property  data  are  shown  in  Figure  8-4.  The  curves  show  that 
at  the  nominal  70/30  P/S  ratio,  the  HiBEX- U  propellant  has  higher  strength 
and  modulus,  but  lower  elongation.  Previc..  ..ata  have  shown  that  the 
nitrocellulose  (NC)  to  plasticizer  (NG  +  TA)  ratio  is  a  good  determinant  of 
the  variability  of  propellant  physical  properties.  The  ratio  accounted  for 
the  binder  (NC),  which  imparted  the  strength  to  the  propellant,  and  also  for 
the  plasticizer,  which  imparted  elongation  qualitites.  In  general,  as  the  NC- 
to-total- plasticizer  ratio  increased,  the  propellant  modulus  and  tensile 
strength  increased  and  the  elongation  decreased,  as  shown  in  Figure  8-4. 

Table  8-2 


MOLD  FILLING  EFFICIENCY 


Original 

HiBEX  (D  series) 

HiBEX- U 

P/S  Range 

69.74  _  71.44 
3U?  28. 56 

71.74  72.60 

205  CO  27.40 

MFE  Range 

99.1  to  102.05 

103.4  to  104.8 
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STRAIN  RATE  (IN/IN/MIN) 


Figures  8-5  and  8-6  show  the  comparison  between  the  HiBEX-U  propellant 
and  the  original  HiBEX  propellant.  In  general,  the  HiBEX-U  propellant 
(Z 1-344)  exhibited  better  shear  properties  (strength  and  modulus)  than  those 
of  the  original  propellant,  considering  the  difference  in  NC  (NG  +  TA)  ratio 
and  grain  P/S  ratio  between  the  sample  propellants. 

For  case  bond  strength.  Figures  8-7  and  8-8  show  that  HiBEX-U  propellant 
has  higher  tensile  and  shear  strength  than  the  original  propellant.  It  can 
be  concluded  that  the  HiBEX-U  showed  adequate  case  bond  physical  properties. 

8.3.4  Casting  Solvent 

Solvent  for  casting  HiBEX-U  propellant  grains  was  made  up  of  a  nominal 
composition  of  nitroglycerin  (NG),  triacetin  (TA),  and  2- ND PA.  was 

tested  for  moisture,  acidity,  and  stability;  TA  was  tested  for  acidity  and 
ester  content;  and  2-NDPA  was  tested  for  complete  specification  requirements. 

8.3.5  Case  Bond  System 

The  case  bond  system  for  the  FDN-80  propellant  grain  consisted  of  the 
embedment  of  bimodal  casting- powder  granules  in  a  case.  Embedment  was 
accomplished  by  applying  a  resin  system  (EA  946)  to  the  inside  surface  of 
the  case  and  introducing  large  (0.  070- inch-diameter )  and  then  small 
(0.  045- inch-diameter)  powder  granules,  followed  by  a  cure. 

The  embedment  layer  in  each  case  was  visually  inspected  and  accepted  on 
the  basis  of  criteria  set  forth  in  Specification  S67-  1-014,  which  stated  that 
no  area  greater  than  10  percent  was  to  contain  multilayers,  encapsulated 
granules,  or  lack  of  granules  and  that  no  cracks  were  to  exist  in  the  embedment 
resin.  In  addition  to  the  visual  acceptance  inspection,  stereo  photomicro¬ 
graphs  were  taken  of  each  case  bond  system. 

8.4  RECOMMENDATIONS 

High- burn- rate  propellant  technology  has  been  demonstrated  by  the  HiBEX 
motor  development  program  and  the  UpSTAGE  Experiment  application.  How¬ 
ever,  several  propellant  development  areas  should  be  investigated  which  would 
allow  expanded  use  of  the  HiBEX  propellant /motor  technology: 
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A  definition  of  the  upper  limit  of  FDN-80  propellant  burn  rate  is 
desirable  to  provide  performance  flexibility  in  vehicle- sizing 
tradeoff  studies  for  system  application.  Of  particular  interest 
would  be  reproducibility  at  these  high  burn  rates. 

Along  with  the  higher  propellant  burn  rate,  an  investigation  of  the 
effects  on  propellant  physical  properties  of  environments  higher 
than  that  of  UpSTAGE  is  desirable.  Strenuous  vibration  and/or  high 
lateral  maneuver  levels  may  cause  propellant  stresses  to  go  beyond 
adequate  margins  of  safety.  Consideration  should  also  be  given  to 
nonpressurized  propellant  applications. 


Section  9 

SUMMARY  OF  RECOMMENDATIONS 

Additional  research  and  development  should  be  pursued  in  the  following  areas: 

1.  Automated  drafting  should  be  adapted  to  plastic  PC  board  fabrication 
and  compared  to  manual  drafting  quality,  cost,  and  time. 

2.  Thick-film  dielectric  inks  should  be  characterized  and  studied  to 

determine  methods  of  controlling  thermal  expansion  properties. 

Improved  inks  should  be  used  to  determine  how  many  layers  can  be 

■*» 

succes sfuli/  fabri  cated  in  large,  thin,  thick-film  multilayer  circuit 
bases. 

3.  Tests  should  be  conducted  to  determine  how  many  soldering  repairs 
are  feasible  on  thick-film  multilayer  circuits  of  superboard 
construction. 

4.  Studies  are  needed  to  develop  higher  reproducible  peel  strength  of 
copper- cladding  on  Kapton  PC  board  material. 

5.  .Simultaneous  curing  of  preimpregnated  high- silica/ phenolic  cloth 
and  fiber  adhesive  is  a  recommended  method  of  fabricating  thin  heat 
shields,  and  should  be  further  explored  to  determine  its  limits  of 
applicability  in  terms  of  thickness,  materials,  and  performance. 

6.  Noncontaminating  sealants  should  be  developed  for  use  where 
assemblies  cannot  be  pressure-capped  during  bonding.  The  sealants 
should  also  be  easily  applied  and  easily  removable. 

7.  Improved  processes  should  be  developed  for  molded  and  bonded 
rubber  liners  in  hot-gas  ducts.  A  nondestructive  technique  should 
be  developed  to  detect  voids  and  unbonded  areas  between  metal  ducts 
and  internal  rubber  liners. 

8.  Castable  insulation  materials  should  be  developed  which  can  withstand 
hot- gas  Row  in  ducts. 

9.  Further  development  and  functional  testing  should  be  pursued  to 
develop  techniques  for  mechanized  knitting,  impregnating,  and  low- 
temperature  bonding  and  curing  of  quartz/ phenolic  sock  liners  for 
intersecting  hot-gas  ducts.  Subsequently,  such  liners  should  be 
installed  in  intersecting  ducts  and  tested  with  hot  gas  to  determine 
performance  in  flow  around  corners. 
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10.  Studies  and  tests  for  high  burn  rate  and  adequate  propellant  physical 
properties  are  recommended  for  advanced  interceptor  technology. 
Subscale  and  full-scale  motor  tests  are  needed  to  verify  feasibility 
and  performance  repeatibility. 
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Appendix  A 

UpSTAGE  SHEAR  RING  DEVELOPMENT  TESTS 


OBJECT 

To  establish  the  optimum  breaking  groove  configuration  of  shear  rings  and 
to  determine  the  spread  in  shear  loads  of  rings  having  such  breaking  groves. 

INTRODUCTION 

Successful  operation  of  the  UpSTAGE  vehicle  is  critically  dependent  upon  the 
performance  of  a  ring  appropriately  sized  to  shear  within  a  prescribed  load 
range  corresponding  to  a  tank  pressure  of  525  to  600  psi.  The  prescribed 
load  range  is  8,225  to  9,400  lb.  The  design  specifies  a  2024-T4  aluminum 
ring  with  a  breaking  groove  incorporated  to  produce  a  shear  failure  a.t  that 
location.  Variation  in  the  mechanical  properties  of  the  ring  materia]  will 
affect  the  breaking  load  of  the  ring.  Hence,  the  magnitude  of  the  variation 
must  be  determined.  In  addition,  the  effect  on  breaking  load  of  proof  loading 
prior  to  the  shear  test  must  be  determined. 

During  assembly  of  the  UpSTAGE  fuel  tank,  a  piston  retainer  and  piston  are 
joined  by  a  threaded  connection  (see  1T34606D).  l  ie  ability  of  the  retainer 
to  rotate  freely  without  either  the  shear  ring  or  viton  seal  also  rotating  is 
vital  to  the  success  of  the  assembly  operation.  If  either  the  shear  ring  or  the 
seal  rotates,  a  leak  path  may  occur  as  a  result  of  the  seal  being  deforrfxe^. 
Therefore,  the  feasibility  of  using  a  nonmetallic  torque  washer  to  aid  in 
assembly  must  be  determined. 

PROCEDURE  AND  RESULTS 

The  initial  efforts  were  directed  at  determining  the  feasibility  of  using  a  non¬ 
metallic  torque  washer  to  aid  in  assembly  of  the  piston  and  piston  retainer. 
Once  this  objective  was  accomplished,  it  was  then  necessary  to  de  termine  the 
tcrque  values  of  the  piston  bolts  and  the  cylinder  bolts  required  tc  achieve 
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the  design  clamping  force  of  10,000  lb  between  the  piston  and  piston  retainer 
as  well  as  between  the  cylinder  cap  and  cylinder  (in  these  tests,  the  EB  fuel 
tank's  forward  closure  retainer  and  barrel  were  simulated  by  the  cylinder 
cap  and  cylinder,  respectively  (see  1T34606D). 

Initial  shear  ring  tests  established  the  optimum  net  section  thickness.  Sub¬ 
sequent  shear  ring  tests  provided  data  that  was  statistically  analyzed  to  qualify 
remaining  shear  rings  for  use  on  future  UpSTAGE  fuel  tank  tests.  To  more 
closely  duplicate  the  actual  fuel  tank  production  schedule,  the  rings  were 
subjected  to  a  simulated  viton  bonding  operation  which  consisted  of  heating  the 
rings  to  180*F  for  16  hours. 

The  following  materials  were  used: 

1T35832  Viton  Seal 
1T34697  Torque  Washer 
1T35968  Aluminum  Shear  Ring 
DPM  312  Graphite  Lubricant 

The  aluminum  shear  rings  were  heat  treated  tc  the  2024- T4  temper  in  a 
salt  bath  to  minimize  distortion.  All  shear  rings  used  in  this  study  came 
from  the  same  sheet  (procured  as  a  sheet  of  0.  100-  by  48-  by  120-inch 
Alclad  2024-0). 

The  design  drawing  for  the  1T34697  torque  washer  initially  specified  Teflon. 
However,  considerable  difficulty  was  encountered  during  installation  of  the 
washer  into  the  test  fixture  due  to  Teflon's  inherent  lack  of  rigidity.  It  was 
therefore  decided  to  substitute  a  more  rigid  Armalon  washer  (produced  by 
DuPont  and  designated  as  Armalon  410-128)  for  this  test.  The  material  con¬ 
sisted  of  woven  fiber  glass  impregnated  with  Teflon. 

To  simulate  the  piston-to-piston  retainer  assembly  operation,  the  piston  and 
piston  caps  (see  Figure  A-l)  were  assembled  using  a  viton  seal,  an  Armalon 
torque  washer  and  an  aluminum  shear  ring.  The  assembly  was  not  bolted 
together,  however.  The  assembly  was  axially  loaded  to  10,  000  lb  and  the  cap 
torque  was  measured  with  the  aid  of  a  calibrated  spring  scale.  The  three 
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conditions  investigated  and  the  resultant  torques  required  to  rotate  the  cap 


were  as 

follows: 

Condition 

Torque 

A. 

No  Armalon  washer;  shear  ring  and  piston 
cap  lubricated  with  DPM  312  graphite. 

400  in- lb 

B. 

With  Armalon  washer,  shear  ring  and 
piston  cap  unlubricated. 

250  in-lb 

C. 

With  Armalon  washer,  shear  ring  and 
piston  cap  lubricated  with  DPM  312  graphite. 

200  in-lb 

An  existing  load  cell,  especially  constructed  for  this  type  of  test,  was 
calibrated  and  used  to  establish  a  relationship  between  bolt  torque  and 
resultant  axial  load.  This  was  accomplished  by  first  plotting  the  instrument 
readout  versus  imposed  axial  load  and  secondly  by  plotting  instrument  read¬ 
out  versus  bolt  torque.  The  correlation  between  axial  load  and  bolt  torque 
could  then  be  made  (see  Figure  A- 2).  Using  this  technique,  it  was  determined 
that  each  of  eight  cylinder  bolts  should  be  torqued  to  115  in-lb  while  each  of 
the  six  piston  bolts  should  be  torqued  to  150  in-lb  to  achieve  the  desired 
clamping  force  of  10,000  lb  required  by  design  engineering. 

Three  rectangular  specimens,  each  being  0.  016  by  0.  75  by  2.  00  inch, 
were  tested  in  double  shear  to  determine  the  ultimate  shear  strength  of  the 
sheet  of  material  used  in  this  study.  The  shear  strengths  of  the  three 
specimens  were  35,800,  36,000,  and  36,900  psi.  Based  on  these  results,  the 
net  section  thickness  of  the  initial  shear  ring  was  determined.  The  section 
thickness  was  sized  to  fail  at  t&e  nominal  breaking  load  of  8,  812  lb.  Subsequent 
section  thicknesses  were  selected  based  on  the  previous  test  results.  The 
results  of  these  initial  tests  are  shown  in  Table  A-l  and  Figure  A-3.  When  it 
was  decided  that  the  optimum  section  thickness  (0.  020  inch)  had  been  dis¬ 
covered,  a  series  of  five  shear  rings  having  this  particular  net  section  thick¬ 
ness  were  machined  and  tested.  The  standard  shear  test  procedure  used  is 
described  in  the  following  paragraph.  The  results  of  this  series  of  tests 
confirmed  the  selection  of  0,020  inch  as  the  optimum  net  section  thickness. 

The  average  breaking  load  of  the  five  tests  was  8,700  lb  (see  Table  A-2). 


A-4 


Axial  Load  (duping  fbrca),  Found* 


Figur*  A-2.  Correlation  Batwaan  Bolt  Torq***  and  Clamping  Foroa 


Breaking  Load 


Figure  A-3.  Selection  of  Optimum  Bracking  Net  Section 
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Table  A- 1 

BREAKING  LOADS  OF  INITIAL  TESTS 


Ring  Number 

Net  Section 
Thickness 
(inch) 

Breaking  Load 
(11' 

1 

0.0192 

8,820 

5 

0.  0190 

8,880 

8 

0.0200 

8,250 

16 

0. 0200 

8,520 

20 

0. 0190 

8,600 

22 

0. 0205 

8,840 

28 

0. 0160 

6,110 

34 

0. 0230 

10,950 

Table  A- 2 

BREAKING  LOADS  OF  CONFIRMING  SHEAR  RINGS 


Ring  Number 

Net  Section 
Thickness 
(inch) 

Breaking  Load 
(lb) 

9 

0.0200 

8,  500 

10 

0.0200 

8,700 

12 

0.  0200 

8,700 

14 

0. 0195 

8,590 

32 

0.0202 

9,010 

Another  series  of  shear  rings  was  machined  having  the  optimum  net  section 
thickness.  The  results  of  these  tests  were  used  to  qualify  remaining  shear 
rings  for  use  on  future  UpSTAGE  fuel  tank  tests.  The  rings  were  put  through 
a  simulated  viton-bonding  operation  which  consisted  of  heating  the  rings  to 
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Hln®  #59 
Photo  M5V95 
Mac.  25X 
Kallar'a  Etch 


Figure  A-6.  After  Forward  and  Reverse  Proof  Tests 


Bine  #61  1 
Photo  M5V96 
*M.  25X 
Kallar'a  Etch 


Figure  A-7.  After  Loading  to  8,000  Pounds  (Just  Prior  to  Failure) 


Table  A-3 

BREAKING  LOADS  OF  QUALIFYING  SHEAR  RINGS 


Ring  Number 

Net  Section 
Thickness 
(inch) 

Breaking  Load 
(lb) 

13 

3. 0210 

8,460 

23 

0. 0200 

9,200 

33 

0.0200 

9,  100 

39 

0. 0200 

8,960 

44 

0. 0202 

8,090 

45 

0.  0203 

8,760 

51 

0. 0202 

8,  810 

52 

0.0200 

8,675 

54 

0. 0210 

8,475 

57 

0. 0205 

8,  325 

58 

0. 0200 

8,780 

67 

0. 0200 

8,  180 

Table  A-4 

BREAKING  LOADS  OF  SHEAR  RINGS  SUBJECTED  TO 
250°F  FOR  4  HOURS 


Net  Section 
Thickness 

Breaking  Load 

Ring  Number 

(inch) 

(lb) 

49 

0. 0205 

8,  760 

50 

0. 0205 

8,620 

55 

0. 0205 

8,600 

Table  A- 5 

EFFECT  OF  PROOF  LOADING  ON  ULTIMATE  STRENGTH  OF  2024- T4 


Specimen 

Tensile  Test  Procedure 

Ultimate 

Strength 

(psi) 

T1T3 

Tested  to  failure  without  interruption 
of  loading. 

64,600 

T1T4 

Tested  to  failure  without  interruption 
of  loading. 

63, 100 

T1T5 

Loaded  to  2,  500  lb,  unloaded,  held 
for  one  minute  and  then  tested  to 
failure. 

64,700 

T1T6 

Loaded  to  2,  500  lb,  unloaded,  held 
for  one  minute  and  then  tested  to 
failure. 

64, 200 

T1T7 

Loaded  to  2,  500  lb,  unloaded,  held 
for  220  hours  and  then  tested  to 
failure. 

64, 000 

T1T8 

Loaded  to  2,  500  lb,  unloaded,  held 
for  220  hours  and  then  tested  to 
failure. 

64,800 

T1T9 

Tested  to  failure  without  interruption 
of  loading. 

64,700 

T1T10 

Tested  to  failure  without  interruption 
of  loading. 

64, 000 

SIGNIFICANCE  OF  DATA 

Lubrication  of  the  Armalon  torque  washer,  aluminum  shear  ring  and  piston 
cap  with  graph*  \  resulted  in  the  minimum  torque  required  to  rotate  the 
piston  cap.  Based  on  the  results  of  this  series  of  tests,  the  assembly- 
drawing  has  been  changed  to  specify  an  Armalon  torque  washer  lubricated 
with  graphite. 


The  range  of  breaking  loads  was  8,  090  to  9,  200  lb.  This  spread  may  be 
attributed  to  differences  in  mechanical  properties  and  cladding  thickness 
throughout  a  sheet,  A  difference  of  only  0,0005  inch  in  cladding  thickness 


A  12 


would  result  in  a  difference  of  nearly  200  lb  in  the  breaking  load.  It  has  been 
shown  metallographically  that  cladding  thickness  differences  of  0.0005  inch 
do  exist  in  the  sheet. 

A  statistical  analysis  of  these  data  has  been  performed  by  UpSTAGE  Effective 
ness  Engineering.  The  result  of  the  analysis  was  that  the  shear  rings  would 
perform  as  required  in  the  UpSTAGE  vehicle  (Reference  A-l). 

A  set  of  10  shear  rings  has  been  set  aside  for  use  by  the  UpSTAGE  program 
for  the  EB  Fuel  Tank  Tests.  These  rings  were  produced  coincidentally  with 
those  used  for  the  shear  tests. 

If  a  viton-bonding  cycle  of  250°F  for  4  hours  is  selected,  the  breaking  load 
of  the  shear  rings. will  not  be  affected. 

Through  tensile  testing,  it  was  shown  that  proof  loading  does  not  affect  the 
ultimate  strength.  It  was  also  shown  that  a  time  delay  between  the  proof 
test  and  the  shear  test  does  not  affect  the  ultimate  strength. 

REFERENCES 

A-l  "Statistical  Evaluation  of  P/N  1T35968  Shear  Ring  Development 

Tests,  "  UpSTAGE  Record  of  Discussion,  11-5-69,  E.  M.  Skinner. 
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1T35832A  -  Seal,  Shear  Ring 
1T35968B  -  Ring,  Shear 
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ABSTRACT 


A  requirement  arose  to  weld  an  elliptical  shaped  external  burning  fuel 
manifold  frame  P/R  IDI5693  for  the  UpSTAGE  program.  The  manifold  was 
made  from  two  2014-T452  aluminum  roll  ring  forgings  thet  were  blocker 
die  formed  into  the  elliptical  configuration.  A  numerically  controlled 
GTA  welding  procedure  was  developed  using  three  axes  of  the  8-axis  N/c 
welding  machine.  Resultant  welds  were  free  from  porosity  and  oxide 
Inclusions,  and  when  aged  resulted  in  minimum  tensile  yield  strengths 
greeter  than  28,000  psi  even  if  repaired  twice.  The  success  of  the 
technique  is  believed  due  to  the  combined  use  of  a  10  Hz  pulsating 
welding  current,  in-process  rotation  of  the  weld  wire  feed  about  the 
tungsten  electrode  and  an  interference  fit  of  the  two  forgings.  A 
high  incidence  of  lack  of  penetration  defects  plagued  the  total  success 
of  this  procedure  but  nonetheless,  a  satisfactory  N/C  weld  technique 
was  employed  to  correct  the  discrepancy. 


1.0  INTRODUCTION 


A  requirement  arose  to  veld  an  elliptical  shaped  part  (P/N  1D15693)  which  vas 
a  combination  fuel  manifold  and  structural  frame  for  the  UpSTACE  experimental 
missile  program.  This  me  a  i  f  ol  d- frame  vat  to  be  fabricated  from  tvo  201U-TU52 
aluminum  roil  ring  forgings  which  were  blocker  die  formed  to  an  elliptical 
configuration.  The  assembly  of  these  tvo  partially  machined  forgings  create 
tvo  elliptical  butt  Joints  having  a  major  diameter  of  33.75  inches  and  a  minor 
diameter  of  16.125  inches  vhich  produces  the  manifold  portion  of  the  part  with 
a  0.875  inch  inside  diameter.  The  veld  requirement  vas  to  fully  penetrate  in 
one  pass  the  0.165  inch  thick  square  edge  of  the  veld  Joint  without  any  inter¬ 
nal  tooling  for  puddle  support.  In  addition,  the  veld  bead  drop  through  vas 
not  to  exceed  0.050  inch  os  ve*l  as  be  reasonably  smooth  and  consistent  so  as 
to  not  disturb  the  fluid  flow  in  the  manifold.  Subsequent  to  the  welding,  the 
manifold- frame  vas  tc  be  checked  and  straightened,  if  necessary,  before  arti- 
fically  aging  to  the  T-6  condition.  The  velds  vith  up  to  tvo  repairs  were  to 
exceed  a  minimum  tensile  yield  strength  of  28,000  pal  once  the  artlfleal  aging 
had  been  accomplished. 

To  satisfy  these  requirements  tvo  voiding  approaches  were  considered.  The 
first  vas  manual  CTA  (Gas  Tungsten  Arc)  welding  and  the  second  vas  N/C 
(Numerical  Control'  GTA  welding.  The  former  method  under  the  best  conditions 
vould  necessitate  numerous  veld  starts  and  stops  plus  a  tremendous  challenge 
for  the  operator  to  maintain  consistent  veld  penetration  not  exceeding  the 
0.050  inch  drop  through  requirement.  The  modified  USAF-ovned  N/C  veiling 
machine*  vas  selected  for  its  ability  to  follow  complex  veld  Joints,  rotate 
the  filler  wire  guide  about  the  electrode  and  provide  veld  puddle  control  by 
pulsating  the  velding  current. 

To  achieve  the  ultimate  objective  of  developing  an  N/C  fusion  velding  techni¬ 
que  for  the  UpSTAOZ  external  burning  fuel  manifold  frame  vhile  simultaneously 
training  personnel  for  ultimate  production  implementation,  the  following 
approach  vas'  taken. 

Preliminary  voiding  parameters  vere  developed  on  flat  2014-74  aluminum  sheet 
vith  and  without  v  id  current  pulsation.  Mechanical  properties  vere  then 
obtained  from  these  welded  panels  vhich  included  original  velds  and  double 

• 

Machine  No.  U8AF-053912,  manufactured  by  Seiaky  Bros.,  Inc. 
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repair  velds  to  determine  if  the  minimus  yield  strength  could  he  consistently 
maintained  following  the  artifical  aging. 


Three  circular  shaped  manifolds  simulating  the  cross  sectional  mass  and  veld 
length  were  designed,  assembled  and  welded  using  201^-T4  aluminum  alloy  plate 
stock  to  examine  the  performance  of  the  modified  N/c  velding  machine,  the  veld 
torch  accessibility,  wire  guide  rotational  features,  veld  Joint  fit-up  requiremer. 
veld  fixturing,  tape  programming,  and  current  pulsation  benefits. 

The  technology  thus  developed,  was  applied  and  optimized  by  velding  aad  repair¬ 
ing  where  .necessary  four  elliptical  manifolds  machined  from  forgings  with  the 
production  configuration.  Dimensional  and  mechanical  properties  of  the  velds 
in  these  forged  parts  vere  obtained  and  evaluated  prior  to  committing  ths  pro¬ 
cedures  and  necessary  documentation  to  production. 

The  successful  effort  to  attain  this  end  objective  is  reported  herein. 

?.0  EXPERIMENTAL  PROCEDURE 
Equipment: 

The  velding  equipment  used  in  the  preliminary  steady  state  parameter  develop¬ 
ment  consisted  of  the  following: 

1.  Welding  Power  Supply  -  Linde  Missile  Maker  S/N  015 

2.  Wire  Feeder  -  Linde  Type  SEH-2 

3.  Weldiug  Torch  -  Linde  HW-27  with  #8  Gas  Cup 

4.  Torch  Travel  -  Linde  Type  OM-48 

5.  Manual  Welding  Pover  Supply  -  PfcH  AC-DC  300  amp  with  a  Linde  HW-20  Torch 

6.  Welding  Fixture  -  Aluminum  Fixture  as  shovn  in  Figure  1 

Subsequent  welding  was  conducted  on  the  Sciaky  &>axis  N/'C  (Numerically 
Controlled)  velding  machine  which  is  partially  shown  in  Figure  2.  The 
various  axes  and  eight  welding  parameters  ere  servo  controlled  and .inputted 
by  a  punched  tape  coded  in  the  binary  decimal  format  to  the  Bendix  Dynapath 
20  MCU  (Machine  Control  Unit).  The  three  linear  axes  (x,  y,  x)  are  program¬ 
mable  in  0.0002  inch  increments.  The  angular  axes  (a  -  turntable  rotation, 
b  -  turntable  tilt,  c  -  wire  feed  and  head  rotation,  d  and  e  -  head  attitude) 
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Figure  1.  Weld  Fixture-Test  Panel  Cross  Section 


Figure  2.  8-Axis  Numerical  Control  Wslding  Haad  and  Control  Panat 


are  progressed  in  0.002°  increments.  The  welding  current  (programed  in  0.6 
ampere  steps),  arc  voltage  (0.03  volts)  end  wire  feed  speed  (0.1  ipm)  can  be 
individually  changed  as  desired  within  a  veld  sequence.  These  in-process 
changes  require  1.3  seconds  which  is  the  time  for  the  electromechanical  relays 
in  the  MCU  to  input  a  new  parameter.  The  power  supply  is  a  600  ampere  SCR 
(Silicon  Controlled  Rectifier)  with  a  choice  of  either  constant  current  or 
constant  potential  static  DC  output  characteristics.  Velding  currents  can  be 
pulsed  at  a  given  polarity  up  to  30  hertz  maximum  with  independent  adjustment 
of  peak  and  base  current  duration.  The  machine  la  operated  from  the  control 
panel  as  shown  in  Figure  2.  During  a  weld  sequence  the  operator  may  vary  the 
filler  wire  feed  rate  +  102  from  the  programmed  tape  value,  override  the  travel 
speed  if  necessary,  and  adjust  the  filler  wire  entry  angle  either  vertically 
or  horizontally  with  u  remote  motorized  wire  guide  control.  The  basic  velding 
parameters  are  recorded  during  a  veld  on  a  Honeywell  Oscillographic  recorder 
equipped  with  a  1508  Vislcorder  and  Accudata  117  Amplifiers,  see  Figure  3* 

Materials : 

The  material  used  was  as  follows: 

1.  The  test  panels  were  0.165  inch  thick  2014-TU  aluminum  alloy  sheet 
per  MSFC-lOb. 

2.  The  filler  wire  was  1/16  inch  diameter  l*0J»3  high  quality  aluminum 
alloy  per  DPM  30ll»-l. 

3.  Helium  shielding  gas  per  1P20115  (DPM  152-2)  was  used  in  mechanized 
velding  and  argon  per  DPM  150-3  was  used  in  manual  velding  operations. 

fc.  Circular  Teat  Manifolds  -  3*0  inch  thick  201U-T451  Aluminum  Alloy 
piste  per  MSEC  105. 

5.  Elliptical  Manifolds  -  201^-1^52  Aluminum  Alloy  Roll  Ring  Forgings 
per  QQ-A-367. 

PRELIMINARY  PARAMETER  DEVELOPMENT 

The  0.165  inch  thick  201U-TU  aluminum  plates  (5  Inches  vide  by  15  Inches  long) 
were  prepared  for  velding  as  follows: 

a.  Degrease  -  Acetone 
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2.  Etch  -  Paaajel  k  British  Etch 

3.  Wire  Brush  -  Fine  Stainless  Steel 

4.  Hand  File  -  Draw  File  Along  15  inch  length 

\ 

5.  Hand  Scrape  -  1/4  inch  vidt^along  edge  to  be  welded  -  top  k  bottom 

Hie  joint  designs  are  shown  in  Figure  4.  The  aluminum  butt  weld  fixture 
(Figure  l)  was  used  to  approximate  the  mass  of  the  actual  part.  No  back-up 
bar  was  installed  in  the  fixture  in  order  to  obtain  free-fall  penetration 
welds. 

The  GTA  welding  process  was  used  for  both  the  mechanized  welding  (direct  cur¬ 
rent)  and  manual  welding  (alternating  current^  operations.  Manual  welding  wa? 
being  considered  as  a  possible  weld  repair  technique  only.  Mechanized  weld 
parameters  were  developed  to  produce  a  single  pass,  full  penetration  weld 
attempting  to  produce  a  ?-ooth,  shallow  weld  drop-through  shape.  Several 
parameter  combinations  were  evaluated  including  varying  mixtures  of  helium  and 
argon.  None  of  .he  gas  mixtures  effected  a  drop-through  shape  improvement  so 
pure  helium  was  decided  upon  as  the  shielding  gas  to  be  used.  The  weld  para¬ 
meters  vhich  produced  the  most  consistent  weld  with  the  least  -practical  amount 
of  drop-through  are  shown  in  Table  I.  The  resultant  weld  geometry  is  shown  in 
Figure  5. 

Three  24  inch  long  panels  were  welded  with  these  developed  parameters  and 
x-rayed.  The  velds  were  found  to  be  free  from  defects.  Ten  tensile  coupon 
blanks  were  excised  from  each  panel  (30  trial),  machined  per  1T13007-5*  end 
directly  aged  to  the  T6  condition  per  DPS  11150  (320°F  for  18  hours).  The 
coupons  were  tensile  tested  with  the  results  baity  shown  in  Table  2. 

Five  additional  24  inch  long  ptinels  were  welded  to  evaluate  possible  weld  re¬ 
pair  procedures.  One  panel  was  manually  welded  using  AC  current.  X-rayed, 
heat-treated,  and  excised  into  10  tensile  coupons  and  tested  to  compare  manual 
veld  properties  to  mechanized  veld  properties  (Table  3).  Four  panels  were 
mechanized  welded,  Inspected,  and  revelded  to  simulate  repair  velds.  Each 
original  veld  was  shaved  flush  and  revelded  over  its  full  length.  The  proce¬ 
dure  was  then  repeated  a  second  time  over  half  the  veld  length.  Mechanised 
welding  was  on  two  panels  and  annual  welding  was  used  on  the  two  remaining 
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Table  I 


Preliminary  Weld  Parameters 


Amperage 
Vcltage 
Travel  Speed 
Filler  Wire 
Wire  Speed 
Tungsten 
Tungsten  Shape 
Shielding  Gas 


120  DCSP 
11.5  VDC 
15  I  PM 

1/16  IN.  DIA.  UOU3  A1 
3^  I  PM 

1/8  IN.  DIA.  2#  THOR 

75°  WITH  0.030  FLAT. 

Helium  at  100  CFH 
using  a  #8  Cup 
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Table  2 

Ten  tile  Properties  of  Initial  Flat  Plate  Welds 
Welded  0.165  in.  Thick  2014  Aluminum  ADoy 
Utin*  4043  Aluminum  Alloy  Filler 


Welding 

Procedure 


Weld 
Bend 

Shape  I Welde 


Jfcfifil 


Coupon 

Muaber 


Control  Coupons 
-No  Weld- 


Mechanized  Welds  As-Welded 
DC  -  CTA  I 


Ultimate 

Ftu 

KSI 

S  Elongation 
in 

1  Inch 

67.5 

67.8 

21 

19 

52.2 

5 

51.1 

l* 

50.1 

3 

51.9 

It 

52.5 

5 

52.»* 

1* 

51.2 

3 

52.3 

l* 

52.7 

l* 

50.0 

3 

1*8.3 

3 

50.  k 

1* 

1*8.9 

3 

1*7.5 

2 

52.8 

3.5 

52.7 

3.5 

50.1* 

2 

52.8 

2 

51.9 

3 

52.3 

k 

51.6 

3 

52.1* 

3.5 

51.** 

I* 

of 

Failure 


NOTES : 


1.  w»ided  coupons  need  at  320#F  for  18.5  hours 

2.  See  Figure  6. 


Table  3 


Tensile  Properties  of  Flat  Flate  Veldt 
Welded  O.lfc  In.  Thick  2014  Aluninua  Alloy 
Using  40*»3  Almlnua  Alloy  Filler 


Welding 

Procedure 

Weld 

Bead 

Shape 

i  pm 

Coupon 

Number 

Yield 

Fty 

KSI 

Ultimate 

Ftu 

KSI 

%  Elongation 
in 

1  Inch 

Location2 

of 

Failure 

Welded 

Tested 

Manual  Weld 

As-Welded 

TA 

T61 

NA 

!>3.A 

6 

3 

AC  Current 

K91 

■  KB 

6 

2 

K£K 

A. 5 

3 

KH 

7 

3 

i 

-5 

NA 

53.6 

7 

A 

-6 

30.6 

50.7 

5 

A 

-7 

30.7 

50.6 

5 

A 

-8 

30.3 

51.9 

5 

A 

1 

-9 

30.2 

52.6 

7 

3 

-10 

32.2 

5A.9 

8 

2 

Mechanized  Weld 

Shaved 

37.  A 

51.1 

A 

3 

Plus  1  Mech. 

Both 

■ 

m 

Wk 

MSB 

37.  A 

52.7 

3.5 

3 

Repair 

Sides 

■ 

■ 

B 

■ 

37.1 

51.7 

3.5 

3 

■ 

m 

B 

.4EB: 

37.8 

51. A 

3.5 

3 

■ 

■ 

■ 

-5 

A0.7 

53.1 

3.5 

3 

■ 

M 

■ 

Kfl 

30.5 

A9.5 

5 

3 

Mechanized  Weld 

Shaved 

ARW-8 

33.9 

51.1 

3.5 

A 

Plus  2  Mech. 

Both 

m 

■ 

H 

a 

-9 

36.  A 

51.3 

3.5 

3 

Repairs 

Sides 

1 

1 

■ 

-10 

36.0 

51.7 

3 

3 

■ 

■ 

■ 

-11 

37.6 

52.2 

3 

3 

1 

■ 

■ 

-12 

35.9 

50.7 

3 

3 

| 

■ 

■ 

-13 

35.3 

50.7 

3 

3 

■ 

Bl 

B 

JB 

-1A 

28.9 

A8.3 

5 

3 

Mechanized  Weld 

Shaved 

ta 

T6 

MRW-1 

33. A 

BOB 

A 

A 

Plus  1  Manual 

Both 

-2 

33.7 

■aK 

3 

A 

Repair 

Sides 

-3 

35.6 

mzwm ! 

2.5 

A 

AC  Current 

-A 

3A.3 

BEa9 

3.5 

A 

-5 

3A.2 

A9.6 

3 

A 

ica 

35.9 

A8.8 

3 

A 

JB 

BBB 

AA.2 

5 

A 

Mechanized  Weld 

Shaved 

T6 

MRW-8 

30.9 

A3.0 

3 

A 

Plus  2  Manual 

Both 

m 

■ 

-9 

32.6 

AA.9 

3 

A 

Repairs 

Sides 

m 

-10 

31.5 

A6.0 

3.5 

A 

AC  Current 

1 

9 

-11 

30.2 

A6.9 

3.5 

A 

■ 

9 

-12 

26.2 

A6.1 

3.5 

A 

I 

1 

-13 

30.8 

A8.2 

3.5 

■ 

u 

m 

-1A 

27.7 

_ $-  -  - 

_ s _ 1 

BOTES  i 


1.  Welded  coupons  aged  at  320°F  for  18, 5  hours. 

2.  See  Figure  6. 
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Figure  6.  Location  of  WaMad  Tamila  Coupon  Failures 


panels.  The  panels  were  then  X-rayed,  heat-treated,  excised  into  tensile 
coupons  and  tensile  tested  (Table  3).  All  of  the  velds  were  free  from  defects 


PULSATIOH  WELDS 

The  veld  development  was  transferred  to  the  8-axis  N/C  velding  machine  in  order 
to  evaluate  pulsed  veld  current.  It  vas  thought  that  a  narrower  veld  vith  a 
flatter  veld  drop-through  as  compared  vith  the  steady  state  velds  might  be  ac¬ 
hieved  by  current  pulsation.  Various  pulse  rates  tand  pulse  durations  vere 
evaluated  while  adjusting  the  peak  current  to  obtain  an  average  current  equal 
to  the  current  used  in  the  steady  state  velding.  An  equal  pulse  duration  of 
3  cycles  at  peak  current  and  3  cycles  at  base  current  (10  tiz  pulse  frequency) 
produced  a  veld  bead  having  the  same  shape  as  the  steady  state  current  veld 
but  vith  improved  consistency.  Several  panels  vere  velded  and  X-rayed.  The 
velds  vere  vater  clear. 

CIRCULAR  MANIFOLD  WELD  DEVELOPMENT 

To  prove  the  capability  of  the  newly  modified  N/C  welder,  the  ability  to 
rotate  the  wire  guide  and  tungsten  electrode  while  velding,  develop  veld 
overlap  procedures  and  optimize  the  preliminary  veld  parameters,  three 
simulated  circular  manifold  assemblies  vere  machined  from  201U-T451  plate 
stock.  These  test  parts  were  designed  with  two  26.5  inch  diameter  annular  butt 
velds  on  opposite  sides  as  shown  in  cross-section  in  Figure  7.  The  length  of 
the  veld  and  mass  of  material  vere  selected  to  simulate  the  conditions  of  the 
elliptical  manifold. 

WELD  FIXTURE 

An  all  aluminum  veld  fixture  vaa  fabricated  to  secure  and  align  the  circular 
manifold  assembly,  see  Figure  8,  This  fixture  contains  an  annular  groove  in 
which  the  inner  and  outer  rings  were  placed.  Eighteen  holes  were  drilled 
through  the  bottom  of  this  groove  for  viewing  the  veld  drop- through.  Four 
thru  bolts  vere  used  to  secure  each  rin r  to  the  baseplate.  This. fixture  vas 
secured  concentrically  or.  the  turntable  tceplafce. 
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MINIMUM  FOR  TORCH  ACCESS 


Figure  7.  Cltsular  Manifold  Crow  Saction 


k/C  TAPE  PREPARATION 

A  preliminary  N/C  welding  tape  was  prepared  vith  the  following  provisions. 

The  circular  manifold  remained  stationary  in  the  x-y  plane  of  the  machine 
while  the  torch  traversed  tne  circular  Joint  in  incremental  movements  of  the 
x  and  y  axes.  The  chord  length  generated  by  the  combined  motion  was  program- 
men  so  that  deviation  from  the  true  arc  of  the  Joint  did  not  exceed  0.005  inch 
at  chord  midpoint.  The  ..-axis  (convertible  with  the  s-axis)  was  programmed 
to  rotate  the  wire  guide  about  the  tungsten  electrode?  simultaneously  with  the 
individual  chord  movements  always  keeping  it  ahead  and  in  line  vith  the  Joint. 
The  total  angular  rotation  of  the  wire  guide  was  1*00°  (U0°  for  weld  overlap) 
followed  oy  -one  **00°  reverse  movement  to  unwind  the  cables  after  the  weld. 

The  tangential  travel  speed  of  the  torch  was  20  rpm  for  the  first  370°  of  the 
program,  followed  by  successive  increases  to  1*0  rpm  up  to  the  1*00°  point.  (The 
formula  for  calculating  the  feed  rate  is  shown  in  Appendix  A. )  Through  use  of 
tne  feearate  override  control,  the  final  optimized  speed  can  be  chosen  as  a 
percentage  of  the  programmed  value  -  never  greater. 


2. 1  CIRCULAR  MAUI FOLD  WELD  DEVELOPMENT 
PARAMETER  UKVSLOPMEHT 

Using  the  pulsation  veld  parameters  developed  on  flat  plate,  t.he  split  circular 
manifold  was  welded  in  six  segmented  40°  Increments  as  shown  in  Figure  9*  It 
was  necessary  to  progreislvcly  increase  the  peak  veldlng  current  to  achieve 
100$  penetration  due  to  the  increased  heat  sink  of  the  part.  Welding  current 
increased  overall  from  150  to  216  amps,  arc' vol .age  from  12.0  to  13.5  volts, 
wire  feed  speed  from  26.0  to  28.0  1pm  while  the  tangential  travel  speed  re¬ 
mained  constant  at  10  1pm  (50$  of  fesdrate  override). 

Veld  overlap  and  tie-off  parameters  vere  developed  on  the  same  part  by  back- 
stepping  in  six  segmented  1»0°  incrcraents.  The  first  20c  of  each  increment  was 
over  the  remaining  unwelded  Joint  followed  by  20°  of  overlap.  It  was  fo  \nd 
that  the  best  results  vere  obtained  by  decreasing  the  travel  speed  by  10$  in 
the  1.5°  block  Just  ahead  of  the  veld  start,  increasing  the  arc  voltage  to 
15.0  volts  in  the  first  3.0°  block  after  overlap  and  then  reducing  the  peak 
welding  current  in  four  successive  3.0°  blocks  to  a  final  value  of  96  amps. 
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These  procedures  were  then  used  to  veld  the  other  split  circular  manifold. 
During  the  veld  the  Joint  opened  ahead  of  the  arc,  and  in  the  last  quadrant  it 
spread  to  0.025  inch  and  as  a  result  root  side  fusion  vas  lost.  Otherwise* 
the  veld  vas  dimensionally  satisfactory. 

As  a  result  of  this  condition,  it  vas  neeesasry  to  develop  a  technique  for  min¬ 
imising  or  eliminating  the  gap  buildup  during  voiding.  Thus*  a  shrink  fit 
approach  vas  devised. 

The  remaining  tvo  full  circular  test  part  details  vers  machined  vlth  0.003  to 
0.005  inch  of  extra  material  left  on  the  veld  Joint  faces  so  that  Just  prior 
to  voiding*  a  dry  finish  machine  cut  could  be  made  leaving  the  Joint  faces 
clean  and  ready  to  veld.  In  order  to  evaluate  a  shrink  fit*  these  parts  were 
left  in  their  oversized  condition  and  prepared  for  veldlng  by  lightly  scraping 
the  veld  Joint  surfaces  vhich  removed  0.0005  inf  h  per  surface.  This  produced 
a  0.012  to  0.015  inch  diametrical  interference  fit  betveen  the  inner  and  outer 
rings  vhich  vas  not  considered  to  be  sufficient  to  off-set  the  gap  observed  on 
the  previous  part,  tut  it  vas  thought  that  it  would  give  some  indication  as  to 
the  value  of  this  technique.  The  outer  ring  vas  heated  to  200°F  vhich  caused 
a  0.060  inch  increase  in  the  inside  diameter.  The  inner  ring*  vhich  vea  at 
room  temperature,  vas  inserted  into  the  outer  ring  and  shinned  vertically  to 
eliminate  veld  joint  mismatch.  When  the  assembly  cooled  to  room  temperature, 
there  vas  metal-to-metal  contact  along  the  full  length  of  the  veld  joints. 

The  full  circular  test  manifold  vas  then  secured  in  the  veld  fixture.  The  N/C 
tspe  vas  modified  0.065  inch  in  the  X-axis  to  correct  for  a  difference  in  part 
diameter.  Both  sides  were  N/C  welded  during  vhich  no  Joint  gap  vas  observed 
(See  Figure  10).  The  veld  bead  vas  slightly  convex  and  most  satisfactory  in 
appearance.  Subsequent  radiographic  inspection  revealed  intermittent  lack  of 
penetration  throughout  the  veld  vhich  vas  attributed  to  the  improved  beat 
transfer  due  to  the  shrink  fit.  Thus,  after  shrink  fit  assembly  of  the  last 
circular  manifold,  both  Joints  were  velded  vith  the  peak  velding  current  in¬ 
creased  to  23^.6  amperes  (other  parameters  are  detailed  in  Appendix  B).  The 
face  of  the  veld  bead  vas  flush  vith  the  top  surface  of  the  Joint.  The  velds 
were  then  X-rayed  and  found  to  be  free  from  defects. 


Figure  10.  N/C  Wtidtd  Circular  Manifold 
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Shrinkage  measurements  were  taken  at  60°  intervals  on  this  veld  frost  2  inch 
gage  narks  placed  transverse  with  the  veld.  On  the  first  side  the  shrickage 
averaged  .030  inch  and  on  the  second  side  it  averaged  .012  inch.  These  mea- 
surenents  gave  an  indication  of  the  loss  in  volume  vithin  the  manifold  vhich 
vas  critical  from  a  design  standpoint. 

WELD  REPAIR 

Vith  the  lack  of  penetration  defects  present  in  the  first  circular  manifold,  & 
repair  technique  vas  devised.  'A'-Eccsod-  hole  vas  drilled  in  the  manifold  180° 
from  the  first  pressurization  hole.  200  ml  of  methyl  alcohol  vas  poured  in  a 
beaker  and  Solar  202  aluminum  velding  flux  vas  added  until  U00  ml  of  solution 
vas  obtained.  The  solution  vas  poured  in  one  of  the  holes  and  the  part  vas 
rotated  to  coat  the  interior  surface  of  the  manifold.  The  remaining  solution 
vas  poured  out  and  then  the  part  vas  dried  by  heating  to  125°F.  After  shaving 
the  defective  veld  beads  flush,  both  sides  vere  revelded  vith  the  N/C  tape 
having  23^.6  amps  of  peak  current.  The  veld  ran  smoothly  except  for  some  gas¬ 
eous  expulsion  near  the  end  of  the  veld  or.  tne  top  side.  This  situation  vas 
believed  attributable  to  a  heavy  concentration  of  flux  in  the  unfused  faying 
surfaces  of  the  joint.  Otherwise  the  veld  vas  found  acceptable  in  subsequent 
radiographic  inspection. 

Evaluation 

Following  the  radiographic  inspection  of  each  veld,  the  welds  were  inspected 

for  surface  defect*  using  dye-penetrant  per  DPS  15101.  Ho  surface  defects 

vere  iound  in  any  of  the  velds.  The  two  completed  circular  manifolds  vere 

finally  inspected  by  helium  leak  detection  method  using  a  sensitivity  of 
-9 

3  x  10  scc/sec  and  no  leaks  vere  detected. 

The  first  full  circular  manifold  vas  cut  into  sections  to  view  the  veld  cross- 
section  and  penetration.  The  veld  cross-section  vas  basically  the  same  as 
shown  in  Figure  6  vith  a  consistent  veld  drop-through  of  0.035  to  0.040  inch. 


2.2  ELLIPTICAL  MANIFOLD  WELD  DEVELOPMENT 


The  developmental  elliptical  manifold  vas  configured  like  the  production  part. 
It  vas  composed  of  an  inner  and  outer  elliptical  shaped  20lL-Tl*52  aluminum 
roll  ring  forging.  When  these  two  rings  are  assembled  one  inside  the  other, 
an  elliptical  veld  Joint  is  created  having  a  major  diameter  of  33.25  inches 
and  a  minor  diameter  of  15. 560-inches  as  shovn  in  a  schematic  sketch  of  the 
manifold  in  Figure  11.  On  the  opposite  side  the  elliptical  veld  path  is  inter- 
rupted  to  allov  for  the  subsequent  machining  of  four  integral  actuation  ports. 
Views  A-A  and  B-B  shov  the  cross  sections  of  interest  and  reveal  in  phantom 
the  resultant  cross  section  of  the  manifold  after  machining. 

WELD  FIXTURE 

Tne  veld  fixture  vas  designed  and  fabricated  as  a  trunnion  type  tool  so  that 
it  could  be  placed  between  the  head  and  tail  stock  of  the  N/C  welder.  This 
fixturing  approach  permitted  rotation  of  the  entire  essembly  between  velds  by 
programming  the  a-axis  180°  without  removal  of  the  manifold.  The  fixture, 
shovn  in  Figure  12  vas  made  entirely  of  aluminum  to  reduce  overall  weight. 

The  assembled  manifold  vas  plBced  in  the  cuvity  and  accurately  located  with 
two  fixture  index  pins.  Stainless  steel  bolts  were  advanced  laterally  to 
prevent  any  movement  during  welding. 

WELD  TORCH  f-. EDIFICATIONS 

One  of  the  major  problems  in  set-up  and  veld  Joint  tracking  vas  that  the 
welding  torch,  a  Linde  HW-2C  machine  welding  torch,  vas  not  manufactured  with 
enough  precision  to  allov  it  to  be  rotated  through  LOO0  without  causing  a 
tracking  error.  The  error  resulted  from  the  torch  body  not  being  exactly 
straight,  the  collet  not  centering  the  electrode  in  the  torch  as  veil  as 
locating  the  electrode  differently  each  time  the  electrode  was  replaced. 

It  vas  initially  decided  to  manufacture  a  new  precision  torch,  similar  to 
the  HW-20,  to  eliminate  this  problem  but  after  further  consideration  it  vas 
•ecided  to  modify  an  existing  Linde  HW-20  torch.  The  torch  body  vas  machined 
concentrically  in  a  lathe,  with  a  plug  placed  in  the  center  of  the  collet  body 
hole.  The  collet  body  threads  were  re-machined  to  improve  the  tolerance  snd 
concentricity  of  the  electrode  location.  These  modifications  did  niniirize  the 
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Figure  12.  WMd  Fixture  for  Elliptical  Manifold 


tracking  problem  but  did  not  completely  eliminate  It.  Each  time  the  electrode 
vas  replaced,  a  email  correction  vas  necessary,  nils  was  accomplished  by 
shimming  the  torch  mounting  bracket  to  center  the  electrode  to  the  veld  joint 
seam.  The  electrode  eccentricity  vas  reduced  from  0.100  inch  to  0.010  inch. 

H/C  TAPE  PREPARATION  AMD  PROOFING 

The  preliminary  N/c  tape  for  the  elliptical  manifold  configuration  contained 
the  same  provisions  for  veld  position,  torch  rotation,  axes  movement  and  chord 
length  deviations  as  that  for  the  circular  manifold  tape.  In  addition,  the 
tungsten  index  point  vas  on  the  centerline  of  the  veld  fixture,  the  veld  start 
point  tvo  Inches  before  the  minor  diameter  and  the  tangential  travel  speed  at 
10  lpm  maximum.  These  requirements  vere  Inputted  to  s  computer  using  the 
AFT  III  (Automatic  Programmed  Tool)  program.  Tvo  tapes  vere  generated  having 
?29  blocks  of  information  for  the  top  side  and  195  blocks  for  the  bottom  side. 
Included  in  these  tapes  vere  the  welding  parameters  developed  on  the  circular 
manifold,  overlap  and  tie-off  data  plus  torch  movements  at  the  start  of  the 
veld.  The  first  tape  includes  a  movement  for  moving  the  torch  avay  from  the 
veld  fixture  vhile  the  assembly  is  related,  followed  by  a  return  torch  move¬ 
ment  to  the  vorkpiece. 

The  tape  vas  initially  proofed  by  tracking  the  Joints  as  photographed  on  a 
master  mylar  coated  sheet  metal  template.  It  vas  found  that  some  of  the 
c-axis  (torch  rotation)  movements  vere  too  rapid  causing  the  H/C  machine  to  lose 
synchronization.  In  addition,  the  acceleration  (g08)  and  deceleration  (g09) 
codes  that  vere  programmed  in  the  tape  vhen  the  c-axis  reversed  direction 
caused  the  torch  to  temporarily  stop.  This  condition  vas  Improved  by  removing 
the  g08  and  g09  codes  and  by  reducing  the  angular  change  in  those  blocks  vhere 
synchronization  vas  lost.  Further  tape  proofing  vas  performed  by  placing  Just 
the  inner  forging  in  the  veld  fixture.  During  the  first  trial  run,  it  vas 
found  that  the  top  face  plate  of  the  tool  protruded  too  far  toward  the  Joint 
in  the  area  vhere  the  tvo  index  pins  vere  located.  By  removing  the  excess 
material  it  vas  then  possible  for  the  torch  and  vlre  guide  to  pass  this  area 
without  obstruction. 


Continued  tape  proofing  revealed  a  problem  with  the  wire  feed  guide  tube 
hitting  the  side  valla  of  the  manifold  in  the  four  port  areas  on  the  bottom 
side.  This  problem  was  manifested  by  the  desire  to  have  the  filler  wire 
enter  the  veld  puddle  directly  in  line  vlth  the  Joint.  To  satisfy  this 
requirement  it  was  necessary  for  the  wire  guide  to  rotate  +1*7.308°,  then 
-110.009°,  and  then  +U3.U8U0  in  the  span  between  the  respective  tangent 
points  in  the  port  area  as  shown  in  Figure  13*  To  resolve  this  problem, 
it  was  necessary  to  deviate  from  the  requirement  of  having  the  wire  enter 
normal  and  in-line  to  the  veld  puddle  and  accept  angular  deviation  up  to 
+  30°.  Consequently  the  tape  was  revised  where  this  area  was  traversed 
with  total  angular  movements  of  +17. 951*0,  -81.026°  and  +18.278°  respectively. 
It.  was  also  necessary  to  Increase  C-axls  movements  prior  to  the  first 
r.angency  point  by  25*578°  to  make  the  net  change  the  same. 

t-  SSEM3LY  PROCEDURE  -  ELLIPTICAL 

The  manifold  parts  were  N/C  machined  with  an  extra  0.005  inch  of  material 
left  on  the  veld  Joint  face  in  addition  to  the  0.005  inch  per  face  required 
'‘or  the  interference  fit.  The  parts  were  brought  to  the  final  dimension  by 
hand  filling  them  to  a  sheet  aluminum  photo  template  as  shown  in  Figure  lU. 

The  veld  Joint  preparation  for  velding  began  by  degreasing  and  acid  etching 
the  pnrt3  per  DPS  U1006  Method  1.  The  veld  Joint  faces  were  then  draw  filed 
and  the  upper  and  lover  surfaces  hand  scraped  for  a  width  of  a  quarter  inch 
as  shown  in  Figure  15.  Having  completed  the  preparation,  the  parts  were  each 
placed  in  a  fabric  reinforced  plastic  bag  which  was  evecueted  and  back  filled 
vlth  dry  nitrogen  to  minimi **  oxidation  of  the  scraped  surfaces. 

When  the  assembly  process  was  ready  to  begin,  the  outer  ring  was  removed 
from  its  bag,  four  thermocouples  installed,  and  set-up  or.  laboratory  type 
hot  plates  for  heating  as  shown  in  Figure  16.  The  cleaned  surfaces  were 
visually  Inspected  with  white  and  black  light  and  spot  scraped  where 
necessary.  The  ring  was  then  heated  to  200°F  to  250°F  at  which  time  the 
inner  ring  was  inserted  and  the  Joints  matched.  The  assembly  was  air 
cooled  to  room  temperature. 
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Figure  13  Win  Fwl  Movwnsntt  in  Port  Atm 
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Figure  14. 


WELDING  PARAMETER  OPTIMIZATIOB 


The  first  elliptical  aaoifold  vas  assembled  in  the  Manner  Just  described  and 
secured  in  the  veld  fixture.  The  top  side  Joint  vas  tracked  to  within  +  0.010 
inch  after  several  adjustments  of  the  welding  torch  mounting  bracket.  The 
Joint  vas  welded  with  a  peak  current  of  23 h.6  amperes  without  interruption. 

The  veld  vas  flat  to  slightly  concave  on  the  face  and  sunk  to  a  maximum  of 
O.OTO  inch  in  those  areas  where  the  inside  cavity  vas  enlarged  for  the  actua¬ 
tion  ports,  figure  17  shows  a  section  subsequently  removed  from  this  area 
and  sectioned  longitudinally  to  examine  the  underbead.  Note  the  affect  of 
this  loss  of  mass  on  the  root  bead  width. 

After  the  top  side  veld,  the  part  was  rotated  l80°  and  the  second  side  welded 
with  the  same  peak  welding  current  approximately  30  minutes  later.  During  the 
veld  it  became  so  hot  and  concave  that  the  program  vas  stopped  and  the  machine 
switched  from  the  tape  value  of  welding  parameters  to  manual  potentiometer 
input.  This  allowed  for  adjustment  of  welding  current  during  welding  and  a 
value  of  20k  amperes  peak  current  vas  found  to  eliminate  concavity  and  restore 
bead  convexity  without  a  loss  of  penetration.  Only  in  the  small  radius  portion 
of  the  port  areas  did  concavity  6tlll  exist.  A  section  through  this  area  la 
shown  in  Figure  18. 

On  both  Joints  the  veld  start  and  overlap  area  was  Irregular  due  primarily  to 
the  large  button  that  existed  from  the  veld  start  causing  the  wire  to  raise, 
hit  the  tungsten  electrode  end  disturb  equilibrium  conditions  in  the  veld 
puddle.  As  a  result  several  trial  N/c  tapes  were  prepared  to  resolve  this 
problem.  By  running  beads  on  piste,  adjustments  were  made  to  arc  voltage, 
travel  speed  and  filler  wire  feed  speed.  In  essence  a  ramp  of  filler  wire 
was  created  by  starting  at  20  1pm  and  increasing  to  28  1pm  0.400  Inch  after 
the  start.  Then  upon  overlap,  tha  travel  speed  vas  reduced  from  10  to  9  lpm 
0.3  loch  before  the  veld  start  and  then  returned  to  10  lpm  once  the  arc  vss  on 
top  of  the  veld  start.  The  arc  voltage  vas  increased  at  this  point  to  prevent 
the  fill  wire  from  shorting  against  the  tungsten.  Then  the  veldlng  current 
vas  reduced  in  four  Increments  to  66  amperes  while  maintaining  the  pulsing 
condition.  These  tests  also  displayed  the  need  for  accurate  positioning  of 


B-31 


the  filler  wire  and  tungsten  electrode  vlth  relationship  to  the  cup  as  shovn 
in  Figure  19. 

This  first  elliptical  test  manifold  was  then  X-rayed,  knowing  that  there  were 
several  unacceptable  areas  caused  by  veld  parameter  errors,  to  get  aono  idea 
as  to  the  Internal  veld  quality  as  might  be  affected  by  the  pre-veld  cleaning 
procedure.  The  velds  were  found  to  be  free  from  any  internal  defects.  Sections 
were  cut  from  the  manifold  where  the  veld  vas  considered  to  be  representative 
of  an  acceptable  veld.  Tensile  coupons  (per  1T13007-3)  vere  excised  from  these 
sections  as  shown  in  Figure  20  obtaining  six  coupons  from  the  top  weld  and  six 
coupons  from  the  bottom  veld.  The  coupons  were  aged  to  the  T6  condition  end 
tensile  tested.  The  results  &re  shown  in  Table  4. 


A  second  elliptical  manifold  vas  then  welded  with  a  revised  N/C  tape  that  in¬ 
cluded  the  starting  and  weld  overlap  procedures  developed  on  plate.  In  addi¬ 
tion  a  reduction  of  5  amperes  in  the  peak  velding  current  vaa  programmed  for 
the  critical  port  areas  on  both  sides  of  the  Joint  except  for  an  11  ampere 
increase  in  the  back  side  of  the  port  on  the  bottom  side  to  account  for  the 
greater  mass  of  material.  The  veld  vas  flat  on  the  top  side  and  slightly  con¬ 
vex  on  the  bottom  side.  However,  the  velding  current  changes  were  not  great 
enough  to  correct  the  concavity  present  in  the  port  areas.  In  addition  it  was 
noted  on  the  oscillographic  trace  of  the  pulsing  welding  current,  that  the 
small  5  and  11  ampere  programmed  peak  current  changes  were  not  compatible  with 
the  H/C  Machine  Control  Unit,  fiince  1.3  seconds  of  raw  time  is  required  for 
the  electromechanical  relays  to  read  and  store  a  new  value,  the  peak  welding 
current  drops  to  the  base  current  value'  during  this  period  followed  by  an  ex¬ 
ponential  rise  back  to  the  new  programed  value.  With  the  base  current  set  at 
7 5%  of  the  peak  current,  this  results  in  an  instantaneous  drop  of  227  -  (.75  x 
227)  *  57  amperes,  and  can  cause  an  interruption  in  weld  penetration  for  a  free 
fall  weldment. 


Figure  19.  Torch  and  Filler  Wire  Set-Up 


CROSS-SECTION  OF  UpSTAGE  TEST  MANIFOLD-FRAME  PI N  1T36130 
WELD  CROWN  AND  DROP-THROUGH  WERE  LEFT  AS-WELDED 
(SMALL  ARROWS  SHOW  LOADING  DIRECTION) 


Figure  20.  Location  of  Tensile  Coupons  Excised  from  Forged  Elliptical  Manifold 
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Table  1* 


!  EB  Manifold  Frame  Tensile  Teat  Results 

'  Forgcd"*20ll*  Aluminum  Welded  in  the  Tl*  Condition 

and 

Aged  to  T6 


Coupon  No. 

Yield, 

Ultimate, 

%  Elongation 

. 

Psi 

Psi 

1/2" 

1" 

fwd. 

IF 

38,280 

1*1,510 

5 

3 

(Top) 

2F 

— — 

36,850 

6 

3 

3F 

35,900 

1*0,970 

1* 

2 

1*F 

35,120 

1*0,190 

1* 

2 

5F 

36,360 

39,260 

6 

3 

6F 

3M90 

39,050 

1* 

2 

AVG. 

36, no 

39,970 

5 

2  1/2 

AFT 

1A 

37,080 

38,360 

1* 

2 

(Bottom) 

35,91*0 

36,230 

2 

2 

3A 

35, 1**0 

37 ,250 

1* 

2 

1*A 

37,920 

39  ,91*0 

1* 

2 

5A 

38,820 

1*0,790 

1* 

2 

6A 

36,000 

38,1*1*0 

1* 

2 

AVG. 

36,870 

38,500 

1* 

2 

NOTE:  All  Failures  Occurred  as  Shown  Below: 


The  veld  overlap  vas  considerably  Improved  but  contained  Isolated  blips  due  to 
e  depression  in  the  veld  start  as  a  result  of  a  high  Initial  current  condition. 
However,  it  vas  interesting  to  find  that  as  the  peak  velding  current  vas  pro¬ 
grammed  to  lower  values  in  the  overlap  area,  the  oscillographic  trace  revealed 
s  smooth  transition  to  the  new  value.  Thus,  it  is  apparent  that  when  the 
current  is  reduced  in  greater  than  50  ampere  Increments,  the  lag  in  the  electro¬ 
mechanical  relays  is  not  problematic. 

The  X-reys  of  this  second  elliptical  test  part  indicated  a  loss  of  penetration 
for  a  length  of  3/8  of  an  inch  at  each  spot  where  a  slight  current  change  '-ad 
been  programtoed  as  well  as  a  lack  of  penetration  at  each  port  area  in  the 
bottom  weld. 

The  limitation  in  making  small  in-process  changes  to  the  velding  current 
necessity  ed  using  the  travel  speed  to  reduce  heat  input  for  correction  of 
the  bead  concavity  problem.  Thus  the  tangential  travel  speed  vaa  adjusted 
linearly  by  a  percentage  change  in  the  feed  rate,  f.  The  filler  wire  feed 
speed  was  likevise  adjusted  the  same  percentage  so  that  the  volumetric  rate 
of  fill  was  consistent  with  the  remainder  of  the  veld.  These  parameters  were 
increased  where  concavity  existed  and  were  decreased  in  the  back  side  of  the 
parts'  where  the  chill  was  greater. 

Having  made  these  tape  changes,  it  was  decided  to  reveld  this  part  using  the 
new  tape  and  procedure  used  earlier  for  the  circular  manifold  which  is  des¬ 
cribed  in  detail  in  a  later  section  -  HFpAIR  TECHHIQUES.  Both  Joints  were 
rewelded  fnd  re-X-rayed.  The  re-velds  were  found  to  be  free  from  defects. 
Dye-penet?  .it  inspection  of  the  veld  surfaces  also  indicated  no  defects. 

Additional  adjustments  to  filler  wire  speed  and  travel  speed  were  necessary 
because  the  third  manifold  contained  machined  slots  through  the  side  vail  of 
the  manifold  I.D.  vail.  Some  of  these  slots  vhich  vere  approximately  1  inch 
long,  1  <nch  deep  and  0.250  inches  high  vere  machined  under  the  veld  land 
going  into  porta  #1  and  #3,  and  going  out  of  ports  #2  and  #4. 
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With  these  parameter  adjustments  the  third  manifold  vas  N/C  welded.  The 

resultant  welds  were  visually  quite  satisfactory  except  that  concavity  of 

the  bead  was  nearly  0.040-inch  deep  in  those  areas  where  the  machined  slots 

existed.  Concavity  in  the  other  areas  was  reduced  to  0.010-0.020  inch.  These 

dimensions  were  the  maximum  recorded  with  a  symmetrical  tapering  up  to  a  flush 

condition  approximately  one  inch  to  each  side.  Thus,  the  logical  correction 

to  the  travel  speed  and  filler  wire  feed  speed  was  to  adjust  them  in  an 

exponential  manner  as  shown  in  Figure  21  and  22.  It  should  be  noted  that 

*  • 

the  increase  is  nearly  7#  in  he  area  containing  the  machined  slot  under 
the  weld  Joint;  whereas,  only  a  increase  is  required  in  the  absence  of  the 
machined  slot.  The  X-rays  indicated  the  velds  to  be  defect  free  except  for 
a  j/h  inch  length  of  lack  of  penetration  where  the  weld  starts  around  port  #1 
and  a  1-1 /U  inch  length  of  lack  of  penetration  where  the  weld  exits  around 
port  #4  in  the  bottom  weld.  Additional  tape  modifications  were  made  to 
correct  these  two  areas  and  the  bottom  Joint  rewelded.  X-rays  showed  the 
weld  to  be  free  from  defects. 

Thus  the  fourth  snd  final  pre-production  elliptical  manifold  was  welded  with 
these  tape  modifications  plus  minor  adjustments  to  the  initial  welding 
current  tc  smooth  the  weld  overlap  area.  The  resultant  welds  were  visually 
most  satisfactory  and  found  to  be  defect  free  using  dye  penetrant  end  X-ray 
inspection  methods.  This  manifold  and  the  third  manifold  were  helium  leek 
checked  usir.g  a  sensitivity  of  3  x  10"9  scc/sec  and  no  leaks  were  detected. 

The  final  M/C  tepe  printouts  for  both  sides  of  the  manifold  are  to  be  found 
in  Appendix  C  along  with  the  welding  data  sheet  containing  secondary  welding 
parameters.  Close  examination  of  the  N/c  tape  printouts  show  that  20  wire 
feed,  2  are  voltage,  8  welding  current  and  over  400  travel  speed  changes  ere 
required  to  successfully  weld  the  two  elliptical  manifold  weld  Joints. 

The  final  variations  necessary  to  achieve  good  weld  start  and  cverlep 
conditions  for  each  Joint  are  shown  in  Figure  2J. 
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Lineal  Distance  Around  Tirst  Port 

Figure  21.  Typical  Parameter  Changes  Required  for  the  Port  Area  on  Aft  Side  of  Elliptical  Manifold 


Lineal  Distance,  inches 

Typical  Welding  Parameter  Changes  Required  for  Joint  on  Forward  Side  Opposite  Port  Area 


Wire  Feed  Speed 


HFPAIR  TECHHIQUSS 


When  the  development  program  vas  initially  planned  it  was  thought  that 
repair  procedures  should  be  established  for  each  of  the  common  types  of 
defects  which  occur  in  aluminum  welds,  but  it  later  became  apparent  that 
the  only  type  of  defect  that  was  of  any  concern  was  lack- of- penetration. 
This  defect  occurred  in  the  bottom  side  weld  of  elliptical  test  part 
numbers  7:  and  3  in  the  transition  areas  entering  and  exiting  the  ports. 
Since  the  Solar  202  aluminum  welding  flux  produced  such  good  results  as 
described  earlier  on  the  circular  test  part,  it  was  selected  for  use  to 
repair  these  two  parts  but  with  some  refinements  in  the  procedure.  After 
the  inside  cf  the  manifold  had  been  coated  with  the  flux  and  alcohol 
mixture  and  the  excess  drained,  the  manifold  was  placed  in  e  vacuum 
chamber  which  was  evacuated  to  5  x  ICT*1  TORR  which  insured  the  complete 
evaporation  of  the  alcohol  that  was  suspected  of  causing  weld  expulsion 
on  the  circular  part.  The  surface  of  the  original  weld  was  machined 
flush  and  hand  scraped  in  preparation  for  the  repair  weld.  The  part  was 
rotated  lBo°  and  placed  in  the  weld  fixture  to  avoid  having  the  weld 
overlap  occur  in  the  same  area.  The  reweld  was  made  with  the  same  N/c 
tape  which  had  been  used  to  weld  the  Joint  originally.  After  welding, 
the  flux  vas  removed  by  flowing  lfiO°F  deionized  water  through  the  manifold 
and  testing  the  exit  water  for  chemical  traces  of  the  highly  corrosive 
flux,  v/hen  it.  was  indicated  that  the  flux  was  removed,  dry  nitrogen  was 
blown  through  the  manifold  to  remove  the  remaining  water  and  then  the 
part  was  again  placed  in  the  vacuum  chamber  and  evacuated  to  complete 
the  drying  process. 
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PRODUCTION  OPTIMIZATION 


After  several  production  manifolds  vere  welded,  design  engineering  re¬ 
designed  the  actuation  port  configuration  thereby  changing  the  aft  side 
weld  path  to  an  uninterrupted  ellipse  like  the  forward  aide,  ltois  change 
si-nlficantly  reduced  the  incidence  of  weld  concavity  and  lack- of- penetration 
defects  experienced  In  the  actuation  port  areas  of  the  aft  side  weld.  The 
N/C  taue  prepared  to  weld  the  aft  side  was  Identical  to  that  used  for  the 

i 

forward  side  except  for  peak  welding  current  -  217.8  amps  for  the  forward 
side  and  210  for  the  aft  side. 

As  welding  progressed  on  the  redesigned  manifolds  a  lack-of-penetraticn 
problem  developed  in  the  weld  start  and  overlap  area  on  both  the  forward 
end  aft  sides.  It  was  not  apparent  if  this  problem  was  caused  by  machine 
malfunction,  joint  compression,  weld  shrinkage  or  material  thickness. 
Nonetheless,  to  assure  complete  penetration  the  weld  start  and  overlap  weld 
parameters  were  modified  and  verified  on  short  straight  sections  that  exactly 
duplicated  the  mass  and  cross  sectional  configuration  of  the  elliptical  mani¬ 
fold.  In  essence  the  weld  start  travel  speed  was  slewed  for  the  first  inch 
and  a  half  of  the  weld,  the  current  downalope  was  delayed  for  another  inch 
after  weld  overlap  and.  the  overlap  weld  travel  speed  was  reduced.  These 
changes  are  incorporated  in  the  N/c  tape  printout  shown  in  Appendix  D.  This 
printout  is  identical  for  both  sides  of  the  manifold  except  for  the  difference 
in  peak  welding  current  mentioned  previously.  Shovn  in  Appendix  E  is  the  N/c 
tape  printout  for  the  straight  line  simulated  sections  which  were  subsequently 
used  for  pre-production  verification  of  the  overlap  procedure. 

Even  with  these  modified  welding  parameters  there  were  several  manifolds 
that  still  had  lack-of-penetration  in  the  overlap  area  on  the  aft  side  weld. 
Thus  the  peak  welding  current  was  increased  from  210.0  to  215.4  amperes 
for  the  last  manifold  which  resolved  the  problem.  Those  manifolds  con¬ 
taining  lack-of-penetration  prior  to  this  change  were  repair  welded  in  the 
same  manner  described  earlier.  It  was  found  that  the  Solar  202  flux  could 
be  eliminated  during  the  latter  repairs  and  a  fully  satisfactory  weld  obtained. 
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3.0  OOHCLUSIOHS 


1.  An  uninterrupted  single-pass  free  fall  butt  veld_  procedure  wee  satisfactor¬ 
ily  developed  for  welding  the  201U-T452  aluminum  elliptical  shaped  UpSTAGE 
EB  Fuel  Manifold  Frame  P/H  IDI5693  using  the  8-axis  numerically  Controlled 
welding  machine. 

2.  Through  the  use  of  low  frequency  (10  hz)  weld  current  pulsation,  excellent 
weld  puddle  control  of  t  ree  fall  weldments  in  2014-Tl*  aluminum  was  demon¬ 
strated  with  the  GTA  (Gas  Tungsten  Arc)  welding  process.  In  addition,  this 
technique  is  believed  to  have  contributed  to  the  absence  of  oxide  stringers 
prevalent  in  steady  state  GTA  velds  in  201**  aluminum. 

3.  The  ability  to  rotate  the  filler  wire  about  the  tungsten  electrode  during 
welding  vas  adequately  displayed  in  this  program.  It  was  further  shown 
that  the  entry  angle  for  the  wire  may  vary  up  to  30°  each  side  from  the 
center  line  of  the  Joint  without  any  difficulty. 

U.  Numerous  changes  in  weld  heat  input  were  required  during  the  veld  to  adjust 
for  changing  heat  sinks  created  by  design  of  the  manifold.  These  changes 
vere  effectively  made  by  adjustments  in  the  tangential  travel  speed  and 
filler  wire  volumetric  rate  of  addition.  This  condition  vas  necessitated 
since  absolute  changes  in  the  welding  current  during  pulsation  must  exceed 
1*0  amperes  for  the  MCU  of  the  N/C  welding  machine  to  be  responsive. 

5.  To  achieve  veld  uniformity,  adjust  for  varying  heat  sinks, and  provide  con¬ 
sistency  and  quality  in  the  veld  overlap  area  over  1(00  in-process  changes 
were  required  in  weld  travel  speed,  filler  wire  feed  speed,  arc  voltage 
and  valuing  current  to  veld  the  two  s.aes  of  the  manifold. 

6.  The  interference  fit  of  the  assembly  eliminated  the  veld  Joint  gap  build¬ 
up  during  welding  snd  is  believed  to  have  contributed  to  the  ebeence 

of  oxide  stringer  defects  in  the  veld. 

7.  The  design  requirement  of  a  minima  tensile  yield  strength  of  29,000  psi 
v&a  obtained  with  an  average  yield  strength  of  the  forging  welds  exceeding 
the  minimum  by  more  than  30  percent. 
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APPENDIX  A  -  N/C  TAIE  CALCULATION  FOR  FEEDRATE,  f 


"Tie  relieving  equation  is  used  for  calculating  feedrate,  f,  for  the 
'-axis  M'C  'welder  using  the  x  and  y  axes  to  trace  the  veld  path  and 
the  c-exis  f..r  wire  feed  rotation. 


where  f  =  feedrate  (dimensionless) 

0.00*1  =  machine  constant 

2n  *  binary  number  that  exceeds  the  longest 

movement  when  divided  by  pulse  length 
cf  0.0002 

FR  «  lineal  travel  speed  in  inches  per  minute 
x  *  lineal  distance  in  x-axls 

y  -  lineal  distance  in  t-exis 


Mote:  ’’’he  ienuest  movement  should  include  the  c-axis 
converted  to  lineal  movement  in  the  z>axis  to 
four  decimal  pieces. 
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APPENDIX  0 

WELDING  PARAMETERS— N.  C.  WELDER 


WIRE  FEED  DRAWER 


CIA  RETRACT  DIAL  SITTING 


GA'A  APPROACH  DIAL  SETTING 


sensitivity  dial  setting 


DAMPING  DIAL  SETTING 


GTA/GMA  SWITCH 


CONSTANTIDEMAND  SWITCH 


PENDANT  CONTROL 


RUNNING  CURRENT  IN  AMPS 


WIRE  TEED  SPEED  IN  IPM 


S 


WEEDING  TRAVEL  SPEED  IPM 


WaDOR  SETUP  SEQUENCE 


TRAVEL  TEEDRATE  OVERRIDE  PERCENT 


WIRE  FEED  FEEDRATE  OVERRIDE  SETTING 


MANUAL  OR  TAPE  DATA  SWITCH 


TAPE  MODE  SWITCH  A  MCU  SWITCH 


ARC  HEAD  SWITCH  SET! INC 


TAPE  DIAL 


nnzmtna 


in^ 

IR39Cm 


TRAVEL  SEQUENCE 


X  AXIS 


YAXIS 


Z OR C AXIS 


A  OR D AXIS 


BORE  AXIS 


WIRE  FEED  SPEED  SWITCH 


IS 


DIRECT  SCO  MAN  OFF  ON 


(emcajal 

mmmm 


PURGE  GAS 


TORCH  PURCE  GAS 


BACKUP  PURGE  GAS 


MIXTURE  CAS 


TRAIL  SHIELD  GAS 


TYPE  CFH 


MISC.  DATA 


FILLER  WIRE  TYPE 


FILLER  WIRE  DIA. 


ELECTRODE  TYPE 


ELECTRODE  DIA. 


ELECTRODE  EXTENSION 


CONTACT  TUBE  SIZE 


CONTACT  TUBE  SETTING  IINCHESI 


TYPE  Of  JOINT 


TYPE  Of  MATERIAL 


MATERIAL  TL  ICYNESS 
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appf/soix  c 

WELDING  PARAMETERS-N.  C,  WELDER 


CURRENT  SOURCE 

TAPE 

DIAL 

initial  'VOBfNt  IN  «VPS 

s+ 

imiiai  slope  in  secs 

1.5 

FINAL  CURRENT  IN  AMPS 

b<0 

r  INAL  SLOPE  IN  SEC'S 

1  0 

CURRENT  STOP  DELAY  IN  SEC'S 

0  bT 

SURGES  PPPESSION  SETTING 

— 

VUlT  AVP'Pf  CONTROL  SETTING 

~~ 

BACKGROUND  CURRENT  PERCENT 

— 

GMA  PULSED  ARC  SV. ITCH 

ON 

firQ 

VOLT  AMPERE  SCOTCH 

ON 

cSfO 

CONSTANT  CUP  'CONST. POTEN  <  SWITCH 

(dp 

CP 

OPEN  CIRCUIT  VOLTAGE  SWITCH 

IS 

g? 

ruiARITY  SWITCH 

REV 

INDUCTANCE  TAP  SWITCH  'FRONTl 

1  2 

INDUCTANCE  jumper  tap  IREARI 

PULSE-? 

NO  PULSE 

PULSED  ARC  DRAWER 

SEC'S 

OIAL 

PULSt  START  DELAY 

o.  co 

PULS!  STOP  DELAY 

o 

oco 

PEAT  r\Clf<  LEVEL  •'  SETTING 

*><r 

ba si  cycles  level  I'srniNG 

-3 

BASE  CURRENT  PERCENT  SETTING 

PULSE  SWITCH 

OPE 

ARC  HEAD  DRAWER  &  HIGH  FREQ 

SEC'S 

DIAL 

HEAOLOCK  dial 

o~~ 

OOo 

HEAD  UNLOCK  OIAL 

o 

OJ?° 

RATL  OF  RLSPONSE  OIAL  SEHINC 

■><^ 

4  $0 

polariiy  switch 

REV. 

HIGH  FREQUENCY  INTENSITY  SETTINC 

/CO  Vo 

HIGH  FREQUENCY  Switch 

<ToO 

OFF 

AUTOMATIC  SEQUCNCE  DRAWER 

StC'S 

DUL 

WIRE  TEED  START  DELAY 

A7JL 

3.5 

WIRE  PEf D  STOP  DELAY 

to 

2.0 

TRAVEL  jTART  DELAY 

hi 

3.  O 

TRAVEL  STOP  DELAY 

o  0 

0 •  O 

TORCH  GAS  PRfLLOW  fiW  -la 

JO  O 

/O'  o 

TORCH  CAS  P0STF10W  3  tu  -■  I  O 

/  6 >0 

K  -O 

TORCH  GAS  SWITCHOVER  DELAY 

9 .  O 

o.  o 

TORCH  GAS  SWITCHOVER  SWITCH 

ON 

<&& 

GAS  MIXTURE  SWITCH 

ON 

(&o 

TORCH  GAS  SWITCH  CO«sT  PuPOE 

AUTO 

OFF 

BACK  UP  GAS  SWITCH 

AUTO 

GAS  TYPE  SWITCH 

Z2sZ 

A 

part  OR  TAPE  NO  /0'T4<53-40 

A T  CM /-ANVH2 

PROJECT  NAME 

vPStAC-L 

WELDING  ENGINEFR 

RPS  -  J.LN. 

DEPT  NO.  &  GROUP 

A  US  5 

DATE 

/S-  7o 

AXIS  TRANSFER 

l  AXIS  TOC  AXIS 

l 

~G7 

A  AXIS  TO  D  AXIS 

~cTT 

u 

fc  AXIS  !C  t  AXIS 

l_5ZZ 

WIRE  FEED  DRAWER 

DIAL 

GTA  RORACT  DIAL  SFTTIP'N 

~o-co 

GALA  APPROACH  DIAL  SETTINC 

— 

SENSI'IVITY  OIAL  SETTING 

— 

DAA'.PING  DIAL  SETTING 

— 

GTA 'GALA  SWITCH  1  ftTA') 

GMA 

!  CONSTANTiDEMAND  SWITCH 

(CONS’i? 

DEM 

PENDANT  CONTROL 

TAPE 

OIAL 

- 

RUNI.ING  CURRENT  IN  AMPS  j„n  Oaf 

T1 « 

- 

WIRE  EEL’S  SPEED  IN  IPM 

•* 

VOLTAGE  IN  VOLTS 

WELDING  TRAVEL  SPEED  IPM  ef.  7f- 

(0.1$ 

WEtDOR  SET  UP  SEQUENCE 

Chpfe7 

SETUP 

TRAVFL  FEEDRATE  OVERRIDE  PERCENT 

/0O% 

IF- 

WIRE  FEED  FTECRATE  OVE IRIDE  SETTING 

¥■ 

><i 

MANUAL  OR  I  ‘DATA  SWITCH 

MAN 

.CtapeJ> 

TAPE  MODE  SWIU.H  t,  MCU  SWITCH 

0*.E  __ 

ARC  HEAD  SWITCH  SETTING 

LOCK 

Unlock. 

TRAVEL  SEQUENCE 

DIAL 

DIRECT 

sco  r>\'i 

OF'  CN 

X  AXIS 

tfQ>MAN 

off  on' 

YAXIS 

''SEtyMAK 

of*gl 

l  OR C  AXIS 

_ 

rSEOjMAN 

AORDAXIS 

fmtu, 

OfffO 

B  ORE  AXIS 

_ 

HjECKAN 

OFF  FT"' 

WIRE  FEED  SPEED  SWITCH  ^ 

SECl/MAN 

'off^ 

PURGE  GAS 

TYPE 

CfH 

TORCH  PURGE  CAS 

70 

BACKUP  PURGE  GAS 

MIXTURE  GAS 

— 

— 

TRAIL  SHIELD  GAS 

— 

— 

MISC.  DATA 

f  IllEP  WIPE  TYPE 

At-  4£>43 

FILLER  WIRE  DIA. 

•  Obi 

ELECTRODE  TYPE  fUvO  . 

2*7<J  W*. 

ELECTRODE  DIA. 

.  /.a  5 

ELECTRODE  EXTENSION 

5U  SAr<H 

CONTACT  TUBE  SIZE 

CONTACT  TUBE  5EITING  (INCH' 

_ 

TYPE  Of  JOINT 

SO-  burr 

TYPE  OF  MATERIAL 

•LOW  *  r«r 

MATERIAL  THICKNESS 

.  170 

notes  »✓/*£  reioze  o  ip* 

/AM  AiTPOPTi'  WIPE  PIED 
<3Vf**>DC  SrAHTi  O  *'v°  '* 

//*r*tAS6o  ax  psoomfO.. 

SfA/P/x  TPAytL.  4i*iTtH  0*>  "Z-t 

A*‘»  PAVir  it  "  1/VVSKrCD  “ 

Tu*A/  or£  AiRCQHZ>>Tio***/e~ 
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APPENDIX  I  -  STRAIGHT  LINE  PRE-PRODUCTION  OVERLAP  TAPE  PRINTOUT 

FOR  ELLIPTICAL  EB  MANIFOLD  FRAME  P/N  1D1 5693-401  -  3-31.71 
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Appendix  C 

THERMOCONDUCTIVE  MATERIALS  AND 
INKS  FOR  THICK  FILM  SUBSTATES 


•  MDAC  Report  MP51,831  (L.  H.  Kram),  Materials  for 
Attaching  Flat  Packs  and  Thick  Film  Substrates,  21  July  1970. 

•  MDAC  Report  MP  51,  978  (C.  T.  McMurray),  Stability 
of  Thick  Film  Resistors  in  the  Presence  of  Dynamic 
Materials,  13  August  1971. 
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MISSILE  &  SPACE  SYSTEMS  DIVISION 
DOUGLAS  AiSCiiAFT  COMPANY,  INC. 


oouaLfi^ 


FORM  11H  (*!»•  14J1 


MATERIAL  l  PROCESS  ENGINEERING 
LABORATORY  REPORT 


CATALOG  NO. 

SERIAL  NO _ 


FDL  .'-4446 

MP  $1.831 


TITLE  MATERIALS  FOR  ATTACHING  FLAT  PACKS 
AND  THICK  FILM  SUBSTRATES 


PATE  — . .  7-21-70 _ 

ASSIGNED  TO  — -H-  ,Kra?/  A“2?? 


MATERIALS 


See  Materials  Index. 


OBJECT 

1.  To  evaluate  and  select  theraoconductive  materials  for  thick  film. 

2.  To  develop  a  method  for  mechanical  attachment  of  flat  packs  to  alumina  thick 
film,  and  alumina  thick  film  to  aluminum  heat  sink. 

3.  To  develop  a  method  for  removal  of  defective  flat  pecks  from  the  thick  film 
assemblies. 

INTRODUCTION 

A  therraoccniuctive  material  is  needed  to  provide  temporary  adhesion  ar.d  heat  transfer 
between  gcli  plated  and  gless  flat  packs  and  alumina  thick  film  substrates  during 
solder  operation.  The  adhesion  between  flat  packs  and  thick  film  shall  be  weak,  so 
that  flet  pack3  can  be  removed  easily  when  needed. 

Thermoconduct ive  material  is  also  needed  to  provide  good  edhesion  end  heat  transfer 
between  alumina  thick  film  substrate  and  aluminum  heat  sink. 


Eccosil  4.3s>?  theraoconductive  silicone  was  selected  as  the  best  material  for  bonding 
flat  packs  to  alumina  thick  film  and  also  for  bonding  alumina  thick  film  substrate  tc 
aluminum  heat  sink  structure.  This  material  has  a  comparatively  good  thermoccnductiv; 
6.6  BTO/(hr)  (?t?)  (?°/in)  and  percent  elongation  (100$)  which  permits  it  to  transfer 
heat  away  from  the  flat  packs  during  soldering  operation  and  to  absorb  the  difference 
between  thermal  coefficient  of  expansion  of  alumina  and  aluminum  during  thencocyclir.g 
(0°  to  100°C). 


It  car.  be  applied  in  less  than  .00?"  thickness,  thus  providing  maximum  heat  dissipmtic 
since  heat  transfer  is  inversely  proportional  to  the  thickness  of  the  material. 

Without  primer,  Eceosil  4S52  provides  temporary  adhesion  for  flat  packs  to  alumina 
thick  film  during  soldering  operation,  and  good  adhesion  between  thick  film  and 
aluminum  heat  sin.-;  when  primer  is  used. 


Out  of  five  evaluated  primers,  33-1+004  and  S-ll  primers  were  selected  as  the  be6t 

1  r*  **' '"■  *?  **"  i."*"4. ~  » 


lv.  r  .jr.  1. 

developed 

“  T*  •>>«  c;  ^ 

ad  he-  •  /<-. 


U"  /  6  '  •<  o.rp.-" 

Ktcnsive  warpage. 
was  no 

.  '-iy  of  th''  thr*"' 


-lur.-r.a  to  aluminum,  uilng  eyuxy  adk-sive,  the  -oeci men 

On  two  specimens,  using  Eccosil  4652  adhesive  -with 
e.  The-e  v*»s  no  cracking  of  alumina  or  failure  of  the 

'■rwreim '  0 *  to  :ted . 
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PROCEDURE  AND  RESULTS 
A.  Lap  Shear  Test 

1.  Preparation  of  the  specimens 

the  following  materials  were  need  as  adhesives  in  preparation  of  the 
lap  shear  specimens: 

a.  Eccosll  4852  silicone  with  SS-l+OOU  and  S-11  primers 

b.  Eccofcond  285  epoxy,  no  primer 

c.  DC96-OM  silicone  with  DC1203  primer 

d.  Duroseal  epoxy,  no  primer 

e.  PR1913-2  silicone  with  PR1903  primer 

T2  aluminum  7075  T6  panels,  measuring  1  x  4  x  .060  inches,  vere  prepared. 
Penelc  were  cleaned  with  HEX  and  sandblasted  on  one  side  with  #80  mesh  grit. 

36  alumina  plates  measuring  1  x  2  x  .028  inches  were  cleaned  with  MEK. 

2.  Priming 

Both  sides  of  the  alumina  plates  and  sandblasted  sides  of  the  aluminum 
panels  were  primed  as  recorded  in  Table  1.  Primers  were  allowed  to  dry 
at  ambient  temperature  for  30  minutes. 

3.  Application  of  the  Adhesives 

A  thin  coat  of  the  adhesive  material  (see  Table  1  for  details)  was  applied 
on  prepared  surfaces  of  aluminum  or  alumina.  Adhesive  materials  were 
screened  using  200  mesh  screen.  The  total  thickness  of  the  adhesive  varied 
between  .’*0}  to  .CC2  inch.  Alumina  plates  were  sandwiched  between  two 
aluminum  plates  and  cured  overnight  under  20  Hg  inches  vacuum  at  ambient 
temperature . 

Specimens  were  then  postcured  for  3  hours  at  150°F. 

Duroseal  edheslve  specimens  were  prepared  and  cured  per  manufacturer's 
recommendation. 

U,  Testing 

Half  of  the  cured  specimens  were  tested  for  lap  shear  strength  per  Pederal 
Test  Method  Std.  Nc.  175,  Method  1033*  Another  half  was  cycled  30  times, 
each  cycle  scheduled  as  fellows: 

10  minutes  at  512°F 
If  minutes  at  ambient 
10  minutes  at  32°F 
10  minute?  at  ambient 

At  the  end  of  30  cycles,  specimens  were  tested  for  lap  shear  strength  as 
above.  All  results  are  recorded  in  Table  1. 
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B.  Tensile  Strength  -  Ultimate  Elongation 

Using  Eccosil  silicone  material,  ten  specimens  were  prepared  per  ASTK  Ik'? 

requirements.  Specimens  were  Initially  cured  for  3  days  at  ambient  temperature 
Plus  3  hours  at  150°F.  Five  out  of  ten  specimens  were  post  cured  further,  up  to 
500°F,  by  increasing  temperature  50°P  every  4  hours,  until  500°P  was  reached. 

All  specimens  were  tested  for  tensile  strength  and  ultimate  elongation 
per  ASBi  D4l?.  Results  are  recorded  In  Table  2. 

1 

C.  Adhesion  Study 

Five  different  primers  were  evaluated,  to  check  the  adhesion  of 
Eceosil  J»852  silicone  to  7075  To  aluminum  panels. 

Ten  1  x  6  x  l/8  inch  aluminum  panels  and  ten  1  x  2  x  .020  alumina  chips 
were  cleaned  with  KEK. 

Five  out  of  ten  alaiinum  panels  were  sandblasted.  Primers  were  applied 
to  the  surfaces  of  the  panels  and  alumina  chips  per  manufacturer's 
reccnnnendat  Ions . 

A  thin  layer  of  Eccosil  4852  silicone  (.002")  was  applied  on  prepared 
aluminum  panels.  Primed  alumina  chips  were  bonded  to  the  aluminum 
panels. 

Specimens  were  cured  under  light  pressure  for  24  hours  at  ambient 
temperature,  followed  by  3  houre  at  150°F.  Adhesion  was  evaluated 
qualitatively  by  pulling  alumina  substrate  away  from  the  aluminum. 

Results  of  this  test  are  recorded  in  Table  3« 

D.  Removal  of  Flat  Packs 

Eccosil  U852  silicone  was  applied  to  the  glass  deposits  on  alumina  thick 
film  as  described  in  A. 3. 

Three  glass  Signetic  G  flat  packs  and  three  gold  plated  flat  packs  were 
placed  on  screened  Eccosil  4852  material.  Slight  pressure  was  applied  to 
the  surface  of  the  flat  packs.  After  material  was  cured  overnight  at 
ambient  temperature,  flat  packs  were  removed  by  turning  them  gently  vith 
forceps  until  the  adhesive  bond  was  broken.  Cured  film  pf  silicone 
adhesive  was  then  peeled  off. 

E.  Bonding  Alumina  Plates  to  Aluminum  Keat  Sinks 

Using  7075  T6  clad  aluminum,  three  heat  sinks,  measuring  4  x  6  x  .(363  inches 
were  prepared.  The  surfaces  of  the  heat  sinks  were  cleaned  with  MEC  and  then 
sandblasted  with  #80  mesh  grit.  Three  alumina  plates,  measuring  *♦  x  6  x  .028 
inches  were  clcanea  with  KEK, 
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PROCEDURE  AND  RESULTS  -  Continued 

E.  Bonding  Alunlna  Plates  to  Aluminum  Heat  Sinks  -  Continued 

Using  three  different  adhesives,  the  above  substrates  were  bonded  together 
as  described  below: 

1.  The  surfaces  of  heat  sink  and  alumina  plate  were  primed  with  S-ii  primer. 

The  primer  was  allowed  to  dry  r.t  ambient  temperature  for  30  minutes. 

Using  #285  mesh  screen,  Eccosll  4852  silicone  adhesive  was  screened  on 
primed  surface  of  a  heat  sink.  The  thickness. of  the  bond  line  did  not 
exceed  .002  inch.  Primed  alumina  plate  was  bonded  to  the  neat  sink. 

Eccosll  4852  material  was  cured  under  20  Hg  inches  vacuum  far  16  hours. 

2.  The  surfaces  of  heat  sink  and  alumina  plate  were  primed  with  PR1903 
primer.  Primer  was  allowed  to  air  dry  at  ambient  temperature  for 
30  minutes.  PR’.913-2  silicone  was  screened  on  primed  surface  of  a 
heat  sink  using  #225  mesh  screen.  Alunlna  plate  was  bonded  to  the 
heat  sink  and  material  was  cured  as  in  E.l  above. 

3.  .003  inch  thick  Duroseal  B  fiber -filled  epoxy  film  was  cut  to  4  x  6  inches 
dimension  and  sandwiched  between  heat  sink  and  alumina  plates.  The 
material  was  cured  for  30  minutes  at  350°P  and  50  grams  per  square  inch 
pressure. 

All  specimens  were  thermocycled  for  30  cycles  as  described  in  A. 4.  After 
cycling,  specimens  were  subjected  to  500°P  for  3  minutes.  All  specimens 
were  examined  visually  for  adhesion,  warpage  or  any  other  defects,  after 
cycling  and  after  exposing  the  specimen  to  500°?. 

RESULTS 

There  was  a  definite  warpage  in  specimen  3  above  where  epoxy  was  used  as  an  adhesive. 
Spec Ir.er.s  ]  and  2  above  where  silicone  was  used  as  adhesive,  shoved  no  warpage.  Upon 
exposure  of  specimens  to  J00°F,  specimen  3  showed  increase  in  warpage.  However,  this 
warpage  decreased  when  specimen  was  cooled  to  room  temperature.  Adhesion  in  all 
specimens  was  good. 

SUMMARY  0?  RESULTS 


Out  of  five  materials  tested  for  the  lap  shear  strength,  Duroseal  epoxy  gave  the 
highest  value.  Eccosll  4852  silicone  gave  hirhest  lap  shear  strength  value,  as 
compared  to  two  other  silicones,  DC96-044  and  ?R1913~2.  Comparing  lap  shear  values 
for  cycled  and  non-cycled  specimens,  lap  shear  strength  values  for  most  materials 
Increased  slightly  after  specimens  were  cycled. 

Percent  elongation  of  Eccosll  U852  material  was  not  effected  by  post'eure 
however,  tensile  strength  was  reduced  approximately  by  10  percent. 

Out  of  five  evaluated  primers,  S-ll  and  SS-4004  primers  gave  the  best  adhesion 
between  Eccosll  4052  and  aluminum  panels. 
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SUMMARY  0?  RESULTS  -  Continued 

There  were  no  problems  In  removing  flat  packs  from  the  alumina  thick  film 
substrates.  Flat  packs  were  removed  easily  with  the  use  of  forceps. 


Ponding  alumina  thick  film  to  aluminum  heat  sink  with  epoxy  adhesive  produced 
warpage.  Warpage  Increased  when  specimen  was  exposed  to  500°?,  and  decreased 
when  specimen  was  cooled  to  room  temperature.  There  was  no  warpage  in  the 
two  other  specimens  where  silicone  was  used  as  an  adhesive. 
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MATERIALS  INDEX 


ficcosll  48 52  -  A  red,  thenaoconduetire  silicone  that  is  mixed  with  Catalyst  50 
in  the  ratio  of  lOOJt  hose  to  0.1  -  0.5^  catalyst. 

Eccosll  TP53  -  A  thixotropic,  thezmocooductlre  silicone  rubber  paste. 

Styes st  285OFT  -  A  black,  general  purpose  casting  resin  with  high  thermoconductivity. 

Ec cobond  285  -  A  thixotropic,  thermocooductive  paste. 

S-11  -  A  colorless,  one  system  primer  used  with  Eccof.  il  ^52  silicone. 

Emerson  and  Cuming,  Inc. 

Gardena,  California 

Duroseal  -  0.003  mils  thick  B  fiber  filled  theraoconductive  epoxy  film. 

Singer 

Physical  Science  Corp. 

Arcadia,  Cal  ifomia 

Vigor-Kool -It  -  One  part,  theraoconductive  adhesive 
Raiko  Product,  Box  375 
Farmingdale,  N.Y.  11735 

DC  96-044  -  A  theraoconductive,  white  silicone  compound  that  cures  at  roam  temperature . 

DC  1200  (DPM  320?)  (lPP004o)  One  part,  pink  silicone  primer 
Dow  Corning  Corporation 
Midland,  Michigan 

S3  4004  (DPM  2072-1)  (KRD97091 39),  One  part,  fluorescent  pink,  silicone  primer 
General  Electric 
Waterford,  New  York 

PR1913-2  (DPM  4331),  Two  part  thixotropic,  room  temperature  curing  silicone  co-pounc . 

PR1903  (DPM  3510)  (MRD112471 74-0l)  One  part,  fluorescent  pink  silicone  primer 
Product  Research  &  Chea.  Corp. 

Burbank,  California 

Glass  Signetic  G  Packs  (l/4"  x  3/3") 

Signet ic  Corp. 

Sunnyvale,  Calif. 

Gold  Plated  Flat  Packs  (j/4"  x  3/3") 

General  Instrument  Corp. 

Long  Island,  New  York 
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See  Materials  and  Equipment  Index. 


OBJECT 

To  determine  the  effects  of  fluxes,  organic 
coatings  and  hermetic  packaging  on  the  stability 
of  du  Porit's  Birox  and  8000  series  resistor  inks. 

INTRODUCTION 

Past  experience  has  indicated  that  under  certain  not 
completely  understood  conditions,  thick  film  resistor 
values  are  changed  by  the  presence  of  certain  materials  or 
materials-sealing  methods.  The  purpose  of  this  study  vas 
to  determine  the  effects  of  fluxes,  organic  coatings  and 
hermetic  sealing  on  the  stability  of  du  Pont’s  Birox  and 
8 000  series  resistors  by  accelerated  thermal  aging.  In 
the  first  part  of  this  work,  the  effects  of  various  materials 
and  hermetic  sealing  were  studied  with  all  specimens  exposed 
to  each  other  and  to  a  possibly  contaminated  oven  environment. 
Later,  (Part  2)  an  additional  material  was  tested  but  without 
exposing  the  specimens  to  the  questionable  oven  contamination. 

SIGNIFICANCE  OF  DATA 
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Careful  examination  of  individual  percentage  changes  (see  Appendix) 
shows  that  the  overall  mean  value  does  not  always  give  a  true  indication 
of  what  has  taken  place.  Looking  closely  at  the  tables  in  the  Appendix 
and  remembering  that  there  are  5  resistors  on  each  substrate,  one  can 
detect  many  cases  of  distinct  groupings  of  5  values  particularly  with  (but  not 
limited  to)  the  hermetically  sealed  substrates.  For  an  obvious  example,  see  the 
data  for  the  hermetically  sealed  DP1033  specimens  on  the  third  page  of  Table  A5. 
Here  the  pure  rosin  coated  substrates  have  substrate  means  ranging  from  0.04#  to 
0.50$.  nils  Indicates  an  unknown  factor  which  Influences  the  stability  of  both 
Birox  and  8000  series  resistors.  In  the  case  of  the  hermetically  sealed  packages 
it  could  be  argued  that  the  differences  might  be  due  to  the  degree  of  the  hermetic 
seal,  (this  has  not  yet  been  determined).  But  since  this  data  grouping  exists  to 
a  lesser  extent  for  non-hermetieally  sealed  substrates  (see  data  for  the  HA  7236/ 
Kester  15^  coated  specimens  in  Figure  U),  some  additional  factor  such  as  an 
accidental  finger  print  must  be  involved.  In  order  to  determine  the  cause  or 
causes  of  these  substrate-to-subetrate  variations,  additional  experimentation  must 
be  performed,  (in  the  case  of  the  hermetically  sealed  substrates,  this  will  most 
likely  Involve  only  a  precisely  controlled  leak  test.) 


C9 


CODE  IDENT.  NO.  13:'; 


HP  51,976 
Page  2 

SIGNIFICANCE  OF  DATA  -  (Cont'd) 


The  majority  of  the  resistance  drift  Is  accounted  for  vlthln  the  first 
ten  days.  After  that  the  drift  rate  of  the  Blrox  Inks  vas  ve ry  low. 

The  hermetically  sealed  resistors  continued  to  drift  throughout  the 
period  of  the  experiments  at  an  appreciable  rate. 

• 

Blrox  resistors  vere  more  stable  than  the  8025  resistors  in  the  presence 
of  the  materials  tested.  The  silicone  and  urethane  coatings  had  about 
the  same  magnitude  of  effect  on  the  resistors  while  the  epoxy  was  consider- 
ably  worse. 

Ihe  resistance  changes  seen  are  the  net  result  of  at  least  two  reactions.* 
The  resistance  changes  for  resistors  coated  with  silicones  and  urethane 
haTe  indications  of  reactions  of  different  rates  and  opposing  effects. 

This  is  not. seen  in  the  epoxy  coated  samples  because  of  the  magnitude 
of  the  epoxy  caused  shift.  Further  work  should  be  done  to  separate  the 
two  reactions. 

PROCEDURE 


Part  1 


125  substrates,  each  containing  5  resistors,  were  printed  with 
Blrox  IP1033  and  fired  per  DPS  51042  on  previously  fired  ESL  58OOC 
conductors  giving  an  initial  mean  resistance  of  IC.3K  ohms  for 
the  625  resistors.  One  hundred  similar  substrates  printed  with 
du  Pont's  8025  resistor  ink  for  a  previous  study  (Reference  3) 
were  glass  coated  with  du  Pont* 6  8185  and  stabilized  as  specified 
in  DPS  51042 .  All  resistors  were  then  trimmed  to  20X  ohms  +  l/2^. 

Plve  IPIO33  substrates  and  four  8025  substrates  vere  set  aside  for 
use  as  controls.  The  remaining  substrates  were  divided  into  four 
groups  and  coated  with  a  thin  coat  of  the  following  fluxes: 


Group  1  Alpha  6ll  (PMA) 

Group  2  Kester  1544  (RA) 

Group  3  Pure  Rosin  dissolved  in  an  equal  volume  of  isopropyl 
alcohol  (w) 

Group  4  Not  coated  with  flux 

Each  of  these  groups  wer«  divided  into  six  subgroups  and  coated 
or  packaged  as  follows: 


Subgroup  1 
Subgroup  2 
Subgroup  3 
Subgroup  4 
Subgroup  5 
Subgroup  6 


Coated  with  Sylgard  182  (silicone) 

Coated  vith  OE’s  RT7  511  (silicone). 

Coated  with  Stycast  285OGT  (epoxy) 

Coated  with  Hathane  HA  7236  (polyurethane  foam) 
Coated  with  Eccosil  (silicone) 

Hermetically  sealed 


(The  above  grouping  results  in  5  substrates  per  condition  for  the 
EP1033  resistors  and  4  substrates  per  condition  for  the  8025  ink. 
In  each  case  there  were  5  resistors  on  each  substrate). 
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PROCEDURE  -  (Cent' a) 

Reels tor b  were  measured  Immediately  before  coating  and  again 
2h  hours  after  coating  using  a  Dymec  2010B  data  acquisition  system. 
(The  digital  ohmmeter  in  this  system  has  a  rated  accuracy  of  0.01^ 
of  reading  +  0.005^  full  scale  +  1  digit.  Measuranent  repeatability 
was  tested  "several  times  during’" this  study  with  a  20,000  ohm  standard 
resistor  and  found  to  be  within  +  2  digits  giving  a  repeatability 
accuracy  of  0.01^).  All  specimens  except  the  controls  were  placed 
on  trays  and  exposed  to  thermal  aging  ih  a  forced  draft  oven.  The 
resistors  were  measured  again  at  the  following  time-temperature 
intervals: 


After  11  days  at  150°C. 

After  11  day 8  at  150°C  +  9  days  at  100°C. 

After  11  days  at  150°C  17  days  at  100°C 

+  11  days  at  125°C. 

After  11  days  at  150°C  +  17  days  at  100°C 

+  76  days  at  125°C. 

The  control  resistors  were  measured  at  the  same  time  intervals 
but  were  not  thermally  aged. 

Part  2  -  Five  substrates  with  Birox  resistors,  a  blend  of  equal  parts 
by  weight  of  DP1031  and  DPIOUl,  and  five  substrates  with  8025 
resistors  made  according  to  the  established  manufacturing  process 
(DPS  51046)  but  rejected  because  of  minor  defects  were  selected 
for  testing  resistor  sensitivity  to  the  silicone  coating  DC3140. 

Each  of  these  substrates  was  broken  in  half  and  divided  into  two 
groups  containing  five  half  substrates  each.  Five  trimmed  resistors 
on  each  half  substrate  were  connected  using  Sn  63  solder  with  an 
KMA  flux  core  with  28  gauge  Teflon  insulated  wire  to  a  thick  film 
conductor  terminal  strip  (separate  strip  for  each  group).  'Hie 
groups,  supported  only  by  interconnecting  wires,  were  thoroughly 
cleaned  in  1,1,1-trichloroethane,  dried  and  initial  resistance 
measurements  taken.  One  DP1031/EP10U1  group  and  one  8025  group 
was  coated  witn  a  0.050  to  0.100  inch  layer  of  DC3140  silicone 
coating  which  was  cured  overnight  at  room  temperature.  The 
resistors  were  measured  again,  then  placed  in  large  sealed  glass 
containers  (one  container  for  the  uncoated  controls  and  one  for  the 
coated  specimens)  and  placed  in  a  125°C  oven,  The  resistors  were 
measured  after  1,  7,  l1*,  28,  64,  76,  and  95  days  exposure  to  the 
thermal  environment .  After  the  64  day  measurement,  the  specimens 
remained  exposed  to  the  laboratory  environment  overnight  before 
returning  to  the  heated  glass  containers. 
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RESULTS 


The  results  are  discussed  in  terms  of  changes  in  resistance  from  the 
initial  resistance  (that  is  the  resistance  before  coating).  Standard 
deviations  are  listed  with  each  value  to  show  the  data  spread.  The 
individual  resistance  changes  are  listed  in  the  Appendix  for  use  in 
detailed  studies. 

Part  I  -  The  resistance  changes  for  the  BP1033  ink  are  summarized 
in  Table  I.  These  changes  are  shown  graphically  in 
Figures  1-6.  Resistance  changes  for  the  8025  ink  are 
summarized  in  Table  IT  and  shown  graphically  in  Figures 
7-12. 

Part  II  -  'The  resistance  changes  and  standard  deviations  for  the 

closed  container  ageing  experiment  are  listed  in  Table  III 
and  shown  graphically  in  Figure  13. 
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MATERIALS  AND  EqOIPMEHT  HTT3EX 

1.  Electro  Science  Lab  58OOC  Platinum-gold  conductor  ink. 

2.  du  Pont  Blrox  DP1033  resistor  Ink. 

3.  du  Pont  8025  palladium  silver  resistor  ink. 
b.  du  Pont  8185  resistor  glaze  coating. 

5.  AlSi  Mag  6lH  substrates,  1-inch  by  1-ineh  by  .025-inch. 

6.  Alpha  6ll  flux,  mildly  activated  (RMA),  MIL-F-IU256C,  type  A. 

7.  Ke6ter  15^  flux,  activated  (PiA),  MIL-F-lt256C,  Type  A. 

8.  Non-activated  flux  (equal  parts  by  volume  of  isopropyl  alcohol  and  rosin), 
WL-P-1U356C,  T^pe  W. 

9.  Dow  Corning  Sylgard  l82  silicone  encapsulating  resin. 

10.  General  Electric  RTV  511  silicone  encapsulating  resin. 

11.  Emmerson  and  Cuming  Eccosil  silicone  resin. 

12.  Emmerson  and  Cuming  Stycast  285OGT,  with  Catalyst  11  epoxy  encapsulating 
resin. 

13.  Hastings  Plastics  HA7236  polyurethane  foam. 
lb.  Cold  welded  packages  (MP  51,5^7). 

15-  fymec  Data  Acquisition  System,  model  DY-2010B,  MDAC  Tag  No.  622060. 
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Table  I 

PERCENTAGE  CHANGE  SUMMARY  FOR  DuPONT'S  BIROX  DPI  033  INK 
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Table  III 

PERCENTAGE  CHANGE  SUMMARY  FOR  DC3140  COATED  RESISTORS 


days  in  Aging 

Figure  3.  Birox  OP1033  Resistors  Coatad  with  Stycast  2850GT  (Epoxy) 


Percentage  Change 
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Figure  4.  Birox  DP1033  Resistors  Coated  with  HA7236  (Polyurethane  Foam) 


C-20 


Figure  5.  Birox  DP1033  Resistors  Coeted  with  Eccosil  (Silicone) 


Percentage  Change  in  Resistance 


Figure  6.  Biro*  DP1033  Resistors  Hermetically  Sailed 


Percentage  Change  in  Resistance 
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Figure  7.  8025  Resistors  Coated  with  Sylgard  182  (Silicone) 
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Figure  9.  8G2C  Resistori  Coated  with  Stycest  2850GT  (Epoxy) 
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Figure  12.  802S  Roister*  Hwnwtically  SnM 
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APPENDIX 


In  thia  Appendix  are  collected  the  percentage 
resistance  changes  calculated  from  resistance 
measurements  made  at  various  Intervals.  All 
percentage  changes  are  with  respect  to  the 
Initial  trimmed  value  of  20K  ohms  +  .5$. 
Percent  resistance  was  calculated  by  the 
equation 

XlOO 

These  data  are  listed  for  future  studies 
wishing  to  further  examine  reasons  for  the 
definite  grouping  of  seme  of  the  resistance 
changes. 
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O.26S01 

0 

-0.26366 

-0.3349 
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Coating 

or 

Package 

L _  _ 

Alpha 

6ll 

lCeater 

15^ 

Pure 

Rosin 

Mo 

Flux 

1 • 65699 

1 *32447 

— WfiTOI 

1  .23907" 

2*06665 

1*65655 

2*06417 

1.52398 

2*09084 

1*91371 

2*03459 

1.6121 

2*09159 

1 *98626 

1.9902 

1.3862 

1*96639 

2*1358  1 

2*06583 

1  .25921 

1 *42907 

1 .44522 

1 .62187 

1.44551 

1  *73364 

1*9893 

1.96646 

1 .29735 

Stycaet 

1 *9107 

2*11152 

2*0001 

1.24378 

2850GT 

2*10579 

1*97125 

2*1 6612 

0*74534 

*  1*872 

"■  2.06993 

2*23931 

1*31848 

1*77838 

1 *63336 

1*78366 

1  *  1 6547 

1  *95215 

2*21582 

2.081 67 

1 .59521 

2*10437 

2.34949 

2.13521 

1.42928 

2*08438 

2*1 6558 

2.  i  *<075 

0.972S4 

1*84357 

1 *81038 

2* 1 6105 

0*9353 

1 *90276 

■  1  *45971 

i .43752 

1 .29513 

2.36967 

1.67715 

1*84306 

1.541 06 

2*22 

1  *71 58 

1.69997 

2.74764 

2.44426 

1*7719 

1*90476 

1*77941 

2. 6981 3 

1*62756 

1.805  i 

1 *86934  j 

1  *74183 

1  *05894 

1.3321 3 

1 .25494  I 

2*35606 

1 . 68556 

1*60388 

1 .47506 

2.27966 

1.73468 

2*02835 

1.87919 

2*18196 

l *89436 

2*09209 

1 *85075 

2*26362 

1  *78251 

2.13917 

1 .85342 

=0T2S?T9 

-0*1 6498 

-0* 1 6531 

-0 • 3 I u  1  4 

-0.24688 

-0*1 5997 

-0.20954 

-0.38926 

-0*29404 

-0*14938 

-0*21471 

-0. 36937 

-0.29879 

-0*1 3499 

-0*21918 

-0.36919 

-0.2638 

-0*1 1491 

-0*20932 

-0.30426 

-0*18504 

-0.12483 

-0*22054 

-0.33515 

-0.2094 

-0*1 1962 

-0*2857 

-0*38419 

-0.23946 

-0*1 3442 

-0*27555 

-0.41866 

-0*23406 

.C^-0. 12434 

1  -0.28587 

-0. 41415 

HA7236 

-0.1  9434 

-0*1 64 

-0*22066 

-0.33925 

-0*2451  1 

-0*1 0438 

-0.2448 

-0. 32061 

-0*2501 

-0*1 5504 

-0.28412 

-0.35944 

-0.2351  6 

-0*12001 

-0.28864 

-0.36886 

-0*2449 

-0.1 4489 

-0.2589 

-0.37399 

-0*210)  6 

-0*09502 

-0*28851 

-0.3391 

-0*1901  6 

-0*13487 

-0.31489 

-0.28573 

-0*1  6961 

-0*1 5395 

-0*37015 

-0.33963 

-0*16977 

-0*1 4415 

-0*34436 

-0.36926 

-0*21951 

-0.1 692 

-0*31222 

-0.3986 

-0*19858 

-0*1 5406 

-0.28066 

-0.33926 

•0*19008 

-0*04495 

-0.25537 

-0.3305 

-0.30018 

-0*03999 

-0.3388 

-0.37373 

-0*21497 

-0*06002 

-0*31375 

7O • 37 0 5$ 

-0.30992 

-0*03498 

-0*35304 

-0.42367 

-0.30535 

0 

-0*33826 

-0*  3  6  3f»6 
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n 

1  Jinx 

|  Alpha 

1  611 

Pur* 

Rosin 

■m 

■ nrniM 

i  #<  m 

— E22&— 1 

—  III  1  INI 

-0.30502 

-0.08468 

•0.30081 

-0.26439 

-0*30535 

-0*09456 

-0.31073 

-0*2741 S 

•0.28516 

-0.02492 

1-0.28058 

-0.3141.9 

-0.25994 

-0.20881 

-0.27587 

-0.29912 

•0.21506 

-0.14999 

-0.27992 

-0*2254! 

-0.21945 

-0.14984 

-0.29399 

-0.2496 

-0.25877 

-0.13001 

-0.31373 

-0.28913 

-0.24394 

-0.14996 

-0.31819  . 

-0.29936 

-0.20398 

-0.16996 

-0.32311 

-0.309 

-0.25481 

-0« 10512 

-0.23509 

-0.24023 

-0.27994 

-0.08463 

-0.31017 

-0.29946 

-0.26495 

-0.10959 

-0.29493 

-0.32403 

-0*25485 

-0.1744 

-0.2602 

-0.32916 

-0.21542 

-0.13921 

-0.26047 

-0.31909 

-0.20997 

-0*09505 

-0.22011 

-0*28038 

-0.27397 

-0.05003 

-0.23437 

-0.29967 

-0.2984 

-0*11487 

-0.22382 

-0.314 

-0.29872 

-0.07503 

-0.26381 

-0.3341 

-0.34392 

0*01 

-0.2638 

-0.3092 

-0.15005 

0.05996 

-0.24012 

-0.26554 

-0.21502 

-0.06445 

-0.28021 

-0-30927 

-0.18965 

-0.03481 

-0.27504 

-0.29924 

-0.20024 

-0.1143 

-0.31002 

-0.31906 

.-0.16512 

-0.14417 

-0.25013 

-0.30929 

Minumma: 

-0.04508 

—  IIUI  1  a 

0.08974 

0 

-0.0597 

-0.22431 

0.07962 

0.01995 

-0.06961 

-0.22401 

0.05977 

-0*01497 

-0.06952 

-0.22925 

0.0648 

-0  >04503 

-0.06958 

-0.23925 

0.07006 

0.09992 

0.16029 

-0.20017 

0-05988 

0.07968 

0. 11509 

-0  «244^1 

0.0448 

0.15936 

0. 14499 

-0.25447 

4.96E-03 

0.03991 

0.1804 

-0.25944 

0.04981 

-4 • 98E-03 

0.21029 

-0.2641 3 

Hermetically 

0.04502 

0.01498 

-0.09006 

-0.2301 

oealeu 

0.02001 

-4.99E-03 

-0.03975 

-0.23992 

0.04994 

0*06982 

-0.05453  • 

-0.2391 7 

0.01001 

0.02497 

-0*0747 

-0.25419 

0.04501 

0*08012 

-0.06972 

-0.2789 

0.11 996 

0.23022 

-0.04499 

-0.22019 

0.07978 

0*25951 

-0.055 

-0.24436 

\ 

9.94E-03 

0.19401 

-0.05503 

-0.22422 

\ 

0 

0.0647 

-0.06999 

-0.24376 

\ 

0.08958 

0*1 2955 

-0.08008 

-0.24882 

\ 

0*05003 

0.12004 

0.20536 

-0.2205 

0.07003 

0*26487 

0.223’2 

-0.22958 

0-10999 

0.20477 

0.21893 

-0.23455 

0*12497 

0.22014 

0*22365 

-0.25962 

0*11495 

0.23487 

0.2088 

-0.22473 
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Percentage  Changes  of  Individual  Resistors  After  11  Iteya  at  150°C  +9  Days  at  100°C 


Coating 

or 

Package 

Flux  I 

Alpha 

611 

tester 

151*1* 

Pure 

Rosin 

Ho 

Pita 

-v>. 1  y>i7  t 

— 1>  .  <i  1  >0  7 

-  j.lv 

-0.21  59  = 

-0.07965 

-0.23427 

-0.250=6 

-0.22047 

-0.03969 

-0.2569 

”1  I  J  {  1 

-0.25071 

-0.06932 

-.0.31715 

-3.27 Jif 

-0*1  6584 

-0.07458 

*  -0.30305 

-  0 . 2.  i'O  0 

-0.1753c 

-a- 1  5976 

-0.24993 

•  1  3=1  •• 

-0.2256 

-0.1 1988 

-0.29481 

1  6'iri  7 

-0*23484 

-0.1 1989 

-0.28967 

-0.  i=v 

-0.20934 

-0.1 1 *63 

-0-26449 

-0*  1  =43(i  • 

Svl mrd 

.-0.22034 

-0.1 1 484 

-0.29966 

-0.139*6 

182 

-0.22036 

-0.03001 

-0.23976 

-0 • 200'= 

-0.25352 

-0-08453 

-0 • 23882 

-0.21 =54 

-0.23375 

-0.1 4931 

-0.29339 

-0* 23=7= 

-0.2711  3 

-0.17416 

-0.2982 

-0  •  /* £0  f.  * 

-0.23577 

-0.179 

-0.32236 

-0- 1 

-0*13063 

-u • 1 0503 

-0.2745= 

-0 « 1 7  =0  i 

-0.18525 

-0.1 4968 

-0.29479 

-0 • 204=  n 

-0.215 

-0.15988 

-0 • 32*6* 

-0.174.'." 

-0.23043 

-0.09504 

-0.324== 

“0  •  20b 

-0.20304 

-0.10504 

-0.0=61 1 

-0.1 7427 

-0  •  1  v  =  52 

0.03497 

-O.2101 7 

-0 . 24‘'9° 

-0.22604 

0.02966 

-0.24391 

-0.23°9  J 

-0.23549 

0*05463 

-•J  •  23662 

-0.27001 

-0.23376 

-0.04477 

-0.2=377 

-  0  *  2  b  s  ?  = 

-0.20376 

-0-06945 

-0-23392 

-0.2 (.0 

-0*1936 

-0.07=04 

“u  •  '£ 44'o  / 

-0  •  1  9  5K*i 

-0.23545 

-0.13992 

-0.23999 

-0.2=95- 

•0.23*74 

-0.13469 

-0.26958 

-0.2386" 

-0.24037 

-0.08997 

-0*28972 

-0.24355 

-0.24995 

-0.0951 

-0.22999 

-0.20*31 

-0.21595 

-0.09494 

-0.21017 

-0*2402= 

-0.22092 

-0.03469 

-0.24905 

-0.26425 

-0.24564 

-0.1 3907 

-0.26384 

-0*279' 

-/*1  oocop 

J  •  C.  sj  -J  C.  O 

-0  •  1  t/444 

-0.26373 

-0 «  30 -in)  i 

-0.25038 

-0.1 6693 

-0.27365 

-0.28422 

-0.21045 

-0.1 1002 

-0.21 492 

-0.2503 

OE 

-0.20496 

-0. 1098B 

-0-2971 6 

-0.27913 

511 

-0.24467 

-0.09491 

-0.26807 

-0.28864 

-0.26956 

-0.07496 

-0.25377 

-0.3341 3 

-0.23936 

-0.09499 

-0.2237 

-0.2891 6 

-0.23092 

-0.05995 

-0.25476 

-0.23012 

-0.25113 

-0.08457 

-0 « 2fa469 

-0*1 9926 

-0.26512 

-0.12957 

-0.25962 

-0. 317  62 

-0.26604 

-0.12969 

-0.27001 

-0.31326 

-0.23394 

-0.1 4899 

-0.22001 

-0.2885 

-0.17333 

-0.06494 

-0.21 999 

-0.2499V 

-0.21 499 

-0-05997 

-0*2291 = 

-0.25997 

-0.22022 

-0.06993 

-0.23892 

-0.304*= 

•0.21465 

-0-03999 

-0.24S46 

-0.31004' 

-0.22001 

0.02996 

-0*23678 

-0.2t4'*l 
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Coating 

or 

Package 

_ nvx _ 

Alpha 

611 

Keater 

15UV 

Pure 

Rosin 

Ko 

Jinx 

1 .721:07 

1 .36945 

1.79572 

1.28404 

2.13171 

1.72122 

2.12915 

1.57378 

2*1 6587 

1.95347 

2.,10458 

1 .66683 

2.16683 

2.05098 

2.06021 

1.64587 

2.0316 

2.1954- 

2.13585 

1 .31B93 

1 *50429 

1 .46522 

1 . 67 1 92 

1  .49052 

1 *83886 

2.05928 

2.02635 

1 .34705 

2.02045 

2.17641 

2.08489 

1 .28358 

2-19561 

2.051 1 

2.23085 

0*75613 

1  -97185 

2.14475 

2.29954 

1 .378*1 

1  .86354 

1 .67882 

1 .83877 

1.20048 

2.02222 

2.28041 

2.  15673 

1 .66002 

pb'scktt 

2.17935 

2.43394 

2.21022 

1.45916 

2.17457 

2.2303 

2.23578 

1 .04437 

1  .93399 

1  .67  522 

2.24128 

1 .03531 

1.9979 

1 .4997 

1 .50263 

1.30513 

2.45443 

1  .767 

1 .91799 

1.63551 

2.33974 

1 .77066 

1.95981 

2.78746 

2. 52*07 

1 .83679 

1 .95961 

1 .85397 

2.7  77  7f. 

1 .702«o 

1 .69016 

S • ?0v 1 2 

1  .60189 

1 .09391 

1.39223 

1 .29994 

2.42109 

1 .79992 

1 . 65384 

1.37971 

2.39964 

1  .76947 

2.09345 

1 .92891 

2.29707 

1  .94957 

2-1421* 

1 -94006 

2.35377 

1 .8621 8 

2. 1 9428 

1 .88323 

-0*19016 

-0.1 6997 

-0.17533 

-0 . 30a 1 4 

-0.20906 

-0.13497 

-0.20954 

-0.38427 

-0.27909 

-0.07994 

-0.20472 

-0.33939 

-0.29381 

-0.1 2999 

-0.19925 

-0.39912 

-0.22696 

-0.10492 

-0.1246 

-0.3392 

-0.1  7504 

-0.1 1484 

-0.19548 

-0.33015 

-0.  i  9943 

-0.1246 

-0»  2b064 

-0.34927 

-0.23946 

-0.10952 

-0.24048 

-0.38876 

-0.1  992 

-0.11 439 

-0.24575 

-0.36924 

-0.17441 

-0.13418 

-0.19559 

-0.34428 

HA7236 

-0.24011 

-0.10988 

-0.21982 

-0.30558 

-0.22009 

-0.1 3503 

-0.2592 

*0.33448 

-0.22516 

-0.11001 

-0.26376 

'  -0.36387 

-0.21  991 

-0.1 34 

-0.23898 

•-0.3490  6 

-0.17513 

-0 .07f  02 

-0.24872 

-0.30419 

-0.16514 

-O.r  988 

-0.2949 

-0.29074 

•0.13968 

-0.12416 

-0.32013 

-0*34483 

-0.1498 

-0.11 93 

-0.31941 

-0.35429 

-0.20953 

-0.13935 

-0.29207 

-0.36871 

■0.17949 

-0*12424 

-0.25059 

-0.33431 

-0.20008 

-0.02497 

-0.23033 

-0.30546 

-0.27517 

-0.015 

1  -0*28399 

-0.2641  , 

-0.1  6997 

0.06001 

•0.28386 

-0.36393 

■0*2749.'' 

0-01999 

-0.32321 

-0.42369 

■  -0.255?  • 

0.02503 

-0.31339 

-0.32908  | 
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mooting  •: 

or 

Package 

Alpha 

611 

Kester 

15W 

Pure 

Rosin 

Ho 

Flux 

-0 

*0  •  0 0 3 1  1 

-O*  2cJ49 

-0 

.27001 

-0.06974 

-0*23076 

-0.2594 

-3 

.26531 

-0.07465 

-0.29569 

-0.23427 

-0 

•  24513 

-9.97E-03 

-0.26033 

-0.26441 

-0 

.22494 

-0.17898 

-0.23574 

-0*25924 

•O 

.25008 

-0.14999 

-0.25992 

'  -0.18533 

-0 

.24938 

-0.10988 

-0.289 

-0.20966 

-0 

•24862 

-0.065 

-0.29331 

-0*24925 

'* 

-0 

•24692 

-0*12496 

-0. 2863-6 

-0.27441 

-0 

•24936 

-0.1 3997 

-0.3082 

-0.26913 

-0 

•20984 

-0.0901 

-0.23509 

-0.22021 

-0 

•2549b 

0  •  O'd4o9 

-0.2o01 3 

-0.2894R 

Eccosil 

-0 

•2499S 

-0*08468 

-0*26993 

-0*30907 

-0 

•22986 

-0.1 3945 

-0.24018 

-0.28926 

-0 

•  17033 

-0.10935 

-ft. 2354? 

-0.2941 6 

-0 

.  1  9497 

-0.07004 

-0.2051 

-0.25534 

-0 

•  21  42 

-0.01 501 

-0.22938 

-0. 1 5962 

-0 

•27851 

-0.09989 

-0*21 865 

-0.26^1 5 

-0 

•28378 

-0*0  *-003 

-0 • 246oo 

-0.29919 

-0 

•  3i 40 1 

0*0  400 i 

-0.23C91 

-0  •  28. 42  6 

-0 

•10503 

C • 084  94 

-0.2251 1 

-0.23C47 

-0 

•20002 

-0.02479 

-0.24515 

-0*28433 

-0 

•15471 

-0.01492 

-0.27504 

-0.2743 

-0 

•  16022 

-0  •06446 

"0  •  &o  1)0  t 

-0.27419 

-0 

•  1  451  1 

-0.11 434 

-0.23512 

-0.2594 

"0 

.  J2W9 

0.149/3 

-u  .  U  f-O  1  1 

-0.1 /021 

0 

•10968 

0.1  7  4r,o 

“0.04973 

-0. 1 9457 

0 

•  1  1  446 

0.1 9952 

•0»U  6^1 

-0.2041 

0 

•11456 

0. 1 647 

-0.0794(, 

-0.2641 4 

0 

•0797o 

0.1 4009 

V  4  35 

-0. 22925 

0 

•05304 

G.2498 

-0.03005 

-0.20517 

0 

•09462 

0.27887 

-0.04503 

-0.23444 

Hermetically 

u 

•07964 

0.43617 

. -0.045 

-0 ♦ 24449 

Sealed 

0 

•04467 

0.33925 

-0.0451 

-0.24447 

0 

•  sj  'i  M  icZ 

0.26338  ' 

-0 • 03004 

-0.2541 6 

0 

•08004 

0.02996 

-0.03002 

-0.2201 

0 

•04002 

0. 02497 

0  • 

-0.25491 

0 

•09468 

0.08977 

-4.97E-03 

-0*24914 

0 

•04502 

0.04494 

-0.01 992 

-0.24422 

0 

•07502 

0.06513 

-0.01992 

-0.861 6 

0 

•  1  6995 

0.2102 

-0.025 

-0.2051 7 

0 

•09973 

0.2645 

-0.01 

•  0  •  1  60 

0 

•09945 

0.19401 

-0.02001 

-0.20429 

0 

•04951 

0-05474 

-0.03 

-0.23381 

0 

•07465 

0.12456 

-U.02502 

-C. 24364 

0 

•  1  300  6 

0. 1 300 3 

0  •  2G'»3j 

-0.20546 

0 

•  20508 

0*27456 

-0. 1 8965 

0 

•22499 

0.21 476 

-0.82457 

0 

•20495 

0.2301 5 

-0.85962 

0 

•21491 

0  ♦  ft  A  rj  t> 

■nn 

-0.21  97/, 
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Birox  Resistors 


Percentage  Changes  of  Individual  Resistors  After  11  tfeys  ait  150°C 
♦17  Days  at  100°C  ♦  11  Days  at  125  C _ 


EM 

1 _ Blur 

ESHi 

Kester 

15W» 

Pore 

Rosin 

waam 

-0.0<5 

-0.215 

-0. 195 

>0.221 

-0*055 

-0.249 

-0.255 

>0.236 

-0.075 

-0.269 

-0.250 

-0.26! 

-0.094 

-p.  332 

-0.290 

•0.2!! 

-0.094 

-0.313 

-0.270 

-0.185 

-0.130 

-0. 260 

-0. 125 

>0.236 

-0.125 

-0.305 

-0.  174 

>0*245 

-0.130 

-0.305 

-0.164 

# 

-0.239 

•0.140 

-0.304 

-0.169 

-0.240 

-0.135 

-0.315  ■ 

-0.149 

-0.235 

-0.035 

-0.255 

-0-205 

Sylgard 

-0.266 

-0.104 

-0.269 

-0.220 

182 

-0.266 

-0. 164 

-0.303 

-0.240 

-0.281 

-0.199 

-0.313 

-0.240 

-0.2S6 

-0. 194 

-0.337 

-0. 185 

-0.161 

-0.095 

-0.265 

-0.175 

-0.215 

-0.130 

-0.305 

-0.220 

-0.225 

-0.175 

-0.325 

-0.184 

-0.245 

-0.135 

-0.320 

-0.214 

-0. 250 

-0.135 

—  0.1 08- 

-0.189 

-0.200 

C*  035 

-0.215 

-0.236 

0.045 

-0.259 

-0.240 

-0.256 

0*020 

-0.269 

-0.275 

-0.241 

-0.050 

-0.269 

-0.270 

-0.221 

-0.080 

-0.264 

-0.280 

-0. 196 

-0. 105 

-0.245 

-0.205 

-0.245 

-0.130 

-0*265 

-0.249 

-0.265 

-0.135 

-0.285 

-0.259 

-0.255 

-0.125 

-0.300 

-0.268 

-0.265 

-0.125 

-0.250 

-0.234 

-0.236 

-0.075 

-0.210 

-0.240 

-0.256 

-0.050 

-0.249 

-0.274 

-C- 266 

-C.134 

-0.269 

.0.900 

-U. 270 

-0.164 

-0.264 

-0.334 

-0.275 

-0. 184 

-0.299 

-0.299 

QE 

-0.200 

-0.110 

-0.230 

-0.260 

511 

-0.215 

-0. 115 

-0.312 

-0.289 

-0.255 

-0.095 

-0.283 

-0.314 

-0.295 

-0.090 

-0.269 

-0.309 

-0.275 

-0. 105 

-0.249 

•  -0.294 

-0.236 

-0.055 

-0.255  • 

-0.235 

-0.271 

-0*085 

-0.290 

-0.249 

-0.285 

-0.130 

-0.275 

-0.298 

-0.286 

-0.150 

-0.285 

-0.288 

-0.246 

-0.169 

-0.240 

-0.313 

-0. 195 

-0.075 

-0.220 

-0.255 

-0.230 

-0.070 

-0.234 

-0.250 

-o.ess 

~  -0.075 

-0.249 

-0.325 

-0.260 

-0.055 

-0.263 

-0.320 

-0.255 

0.015 

-0.254 

-0.305 

r..AO 
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Coating 

or 

Package 

1  FlUX 

Alpha 

fin 

Kester 

15hk 

Pure 

Rosin 

Ho 

Flux 

rTjj  £&& 

1.394 

1.841 

1.334 

ml  l&g 

1.761 

2. 179 

1.624 

2.008 

2.150 

1.722 

2.222 

2.106  1 

2.  105 

1.686 

2.087 

2.240  ' 

2.  181 

1.329 

1.524 

1.545 

1.737 

1.556 

1.874 

2.134 

2.  101 

1.342 

2.055 

2.256 

2.  165 

1.313 

* 

2.250 

2.101 

2.316 

0.745 

Stycast 

2.017 

2.210 

2.384 

1 . 383 

285OGT 

1.914 

1.719 

1.914 

1.235 

2.09? 

2.355 

1.700 

2.259 

2.505 

2.280 

1.519 

! 

2.240 

2.295 

2.  306 

0.99.’ 

1.969 

1.925 

2.316 

1.035 

2.023 

1.555 

1.533 

2.529 

1.732 

1.978 

1.650 

2.345 

1.806 

2.010 

2.332 

2.569 

1 .872 

2.009 

1.884 

2.847 

1.727 

1.920 

1.994 

1 » 872 

1.119 

1.417 

1 . 3.<0 

2.51  1 

1.800 

1.669 

1.575 

2.425 

1.849 

2.118 

2.008 

2.317 

2.019 

2.202 

1.985 

2.414 

1.917 

2.234 

1.983 

-0. 185 

-o'.'iks  ” 

-0. 3 00 

-0.224 

-0.150 

-0.205 

-0. 334 

-0.269 

-0*140 

-0.200 

-0.379 

-0.274 

-0.125 

-0.209 

-0.339 

-0.229 

-0.105 

-0.204 

-0.319 

-0.160 

-0.125 

-0.190 

-0.325 

-0. 189 

-0.125 

-0.271 

-0.379 

-0. 234 

-0.115 

.  -0.261 

-0. 399 

-0.209 

-0.114 

-0.261 

-0.404 

HA7236 

-0. 189 

-0.154 

-0.221 

-0. 344 

-0.225 

-0.105 

-0.230 

-0.296 

-0.220 

-0.145 

-0.269 

-0.334 

-0.120 

-0.274 

-0.354 

-0.230 

-0. 145 

-0.254  . 

-0.359 

-0.185 

-0.070 

-0.269 

-0.304 

-0. 175 

-0.110 

-0.290 

-0.256 

-0. 150 

-0. 109 

-0.330 

-0.320 

-0. 160 

-0.020 

-0.334  - 

-0. 364 

-0.215 

-0.154 

-0.297 

-0.374 

, 

-0. 194 

-0. 1 39 

-0*266 

-0. 349 

-0.  180 

-0.025 

-0.235 

-0.310 

• 

-0005 

-0.025  i,., 

-0.299 

-0. 364 

-0.195 

-0.040 

-0.309 

-0.364 

MP  51,978 

free  3k 

frUe  Ah 
Continued 


Costing 

or 

Package 

1 _ _ 1 

EE 

lif 

IBafl 

Pore 

Rosin 

mm 

0^150 

-0.065 

-0.225 

-o;?2o 

-0.290 

-0.075 

-0.296 

-0.254 

-0.280 

-0.095 

-0.311 

-0*259 

-0.265 

-0.030 

-0.276 

-0.284 

-0.250 

-0.204 

•-0.261 

-0.264 

-0.205 

-0.135 

-0.265 

-0.210 

-0.209 

-0.120 

-0.299 

-0.215 

-0*244 

-0.115 

-0.294  • 

-0.249 

.  -0.229 

-0.145 

,  -0.303 

.  -0.279 

' -0. 190 

-0.150 

-0.308 

-0.289 

-0.729 

-0.085 

-0.245 

-0.220 

-0.255 

•0.080 

-0.295 

-0.279 

Eccosi] 

-0.265 

-0.100 

-0.290 

-0.299 

-0.265 

-0.169 

-0.255 

-0.314 

-0.20"; 

-0.119 

-0.255 

-0.289 

-0.2C0 

-0.075 

. -0.210 

-0.255 

-0.249 

-0.020 

-0.224 

-0.265 

-0.283 

-0.105 

-0.224 

-0.294 

-0.299 

-0.075 

-0.254 

-0.314 

-0.329 

0.025 

-0.259 

-0.30° 

-0. 130 

0.080 

-0.230 

-0.235 

-0.205 

-0.035 

-0.265 

-0.274 

-0.185 

-0.030 

-0.290 

-0.274 

-0. 195 

-0.099 

-0.305 

-0.299 

-0.155 

-0.129 

-0.260 

-0. 289 

0.120  ™1 

0.010 

-ol.o5s  1 

-0.  180 

0.100 

0.020 

-0.065 

o.  too 

0.040 

-0.070 

-0.219 

0.085 

0.005 

-0.079 

-0.224 

0.080 

-0.025 

-0.084 

-0.224 

0.155 

0.105 

-0.050 

-0. 190 

0.145 

0.080 

-0.055 

-0.234 

C.  1 4* 

C.149 

_  f*  ara 

- G • c  44 

Hermetically 

0.109 

0.0SO 

-0.060 

-0.244 

Scaled 

0*  1  34 

0.010 

-0.045 

-0.249 

0.  135 

0.020 

0.  070 

-0.230 

0*130 

0.000 

0. 109 

-0.250 

0.  185 

0.07,0 

0. 1 19 

-0.254 

0.  125 

0.030 

0.090 

-0.269 

0.160 

0.070 

0. 105 

294 

0.200 

0.190 

0.055 

-0.230 

0. 14? 

0.225 

0.090 

-0.244 

0. 179 

0.169 

0.095 

-0.244 

0.159 

0.025 

0.080 

-0.244 

0.164 

0.105 

0.095 

-0.259 

0.165 

0*120 

0.220 

-0.231 

0.245 

0.250 

0.278 

-0.235 

0.265 

0.200 

0.279 

-0.245 

m 

0.210 

0.283 

-0.275 

0.245 

0.849 

-0.545 
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Bible  A3 
Continued 


Coating 

or 

Package 

_ Bis _ 

Alpha 

611 

Pure 

Rosin 

Mb 

Pltat 

2.944 

1.539 

2.066 

1.539 

3.458 

1.960 

2.479 

1.902 

3.466 

2.277 

2.400 

2.  905 

3.47! 

2.389 

2^375 

1.944 

3.326 

2.533 

2.481 

1.533 

1.630 

1.750 

1.977 

1.766 

2.074 

2.419 

2.406 

1.456 

2.320 

2.571 

2.469 

1.473 

Styceat 

2850CT 

•  2.540. 

2.405 

2.654 

0.  788 

2.306 

2.524 

2.733 

1.573 

2.  164 

1.674 

2.189 

1*391 

2.403 

2.663 

2.572 

2.0)4 

2.569 

2.826 

2.630 

1.763 

2.560 

2.614 

2.641 

1. 106 

2.215 

2.189 

2.642 

1. 150 

2.308 

1.730 

1.688 

1.535 

2.923 

2.002 

2.243 

1.924 

2.609 

2.020 

2.289 

3.  131 

2.868 

2.091 

2.187 

3.221 

1.92C 

2.332 

2.  li.7 

1,199 

1.510 

2.856 

2.034 

1.83s 

2.655 

2.078 

2.319 

2.  ?22 

2.547 

2.288 

2.442 

2.307 

2.749 

2.171 

2.490 

2.266 

-0.190 

-0.170 

-0.175 

-0.305 

-0.214 

-0. 135 

-0.195 

-0.354 

-0.269 

-0.135 

-0.210 

-0.354 

-0.279 

•0. 120 

-0.209 

-0.359 

-0.229 

-0.095 

-0.209 

-0.294 

•0.175 

-0.130 

-0.206 

-0. 335 

-0.179 

•0.115 

-0.256 

-0.364 

-0.220 

-0. 1 10 

-0.251 

-0.399 

-0. 199 

•0.099 

•0.251 

-0.384 

HATT36 

-0.184 

-0. 129 

-0.211 

-0.334 

-0.240 

-0.115 

•0.245 

•0.291 

-0.220 

-0. 125 

-0.269 

-0.310 

-0.205 

-0.095 

-0.279 

-0.334 

•0.225 

-0. 125 

-0.254 

-0.344 

•0.190 

-0.035 

•0.259 

-0. 314 

-0.155 

-0.115 

-0.290 

-0.256 

•0.130 

-0. 124 

-0.310 

-0.330 

-0.140 

-0.114 

-0.324 

-0.T39 

-0. 195 

-0.134 

-0.297 

-0.354 

-0.184 

-0. 124 

-0.261 

-0.324 

-0. 185 

-0.030 

-0.240 

-0.305 

-0.255 

-0.010 

•*.,-0.284 

-0.329 

•0.135 

•0.035 

-0.289 

-0.334 

•0.280 

-0.050 

-0.328 

-0.379 

-0.275 

0.015 

•0.323 

-0.329 

I 
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Continued 


Coating 

or 

Package 


Eccosil 


Flux 


Alpha 

Pure 

6ll 

Rosin 

-0.255 

-0. vdo 

-».«s51 

-0.275 

-0.075 

-0.301 

-0.230 

-0*390 

-0.316 

-0.265 

-0.025 

-0.286 

-0.240 

-0.194 

-0.261 

-0.220 

•  -C.  153 

-3.280 

-0.249 

-0. 125 

-0.289 

-0.239 

-3.133 

-0.  .-;99 

-0.219 

-3. 160 

-3. 333 

-0.189 

-3. 163 

-2.323 

-0.243 

-0.  110 

-0.255 

-2.255 

-0.075 

-0.275 

-0.260 

-0.110 

-3.285 

-0.260 

-0.179 

-0.263 

-0.210 

-0.114 

-3.2S3 

-0.215 

-3.095 

-3.225 

-0.244 

-9.010 

-3.229 

-0.283 

-9. 135 

-0.229 

-0.289 

-0.075 

-0.259 

-0. 224 

■  ■ 

-0.  cs44 

-0,153 

6.065 

4  %  *  — 

C.C.3 

-0.200 

-u. 035 

-3.255 

-0.190 

-0.025 

-0.265 

-0.203 

-0.084 

-fl.330 

-0.155 

-  5. 124 

-0.253 

'0.215 

c/»  025 

3.335 

0.199 

0.060 

3.065 

0.  1  69 

0.G80 

0.065 

0.169 

0. 0419 

C.045 

0.179 

-0.0113 

0.930 

0.520 

0.  113 

0.140 

0.574 

0.095 

0.220 

3.  577 

0.  159 

.  0.230 

0.561 

0.063 

0.215 

0.533 

0.003 

0.250 

0. 400 

0.020 

0.440 

0.455 

-0.040 

0.586 

0.574 

0.085 

0.616 

0.470 

0.543 

0.545 

.  0.558 

0.515 

0.210 

3.400 

0.568 

0.260 

0.525 

3.572 

0.  109 

0.600 

0.553 

0.055 

0.530 

0.542 

0.  105 

0.541 

0.463 

0.  140 

0.381 

0.620 

0.330 

0.487 

0.  625 

0.230 

0.478 

0.655 

0.235  1 

0.462 

Ho 

Flux 


—  «/•  cco 

-o.ai? 

-0.  3 49 

-a.  aw. 

-3.264' 

-0. 22u 

-3.310 

-0. 254 

-0;274 

-0.234 

—0.23  > 

-0.365 

-3.264 

-0. 29'l 

-0.299 

-0.265 

-0.255 

-3.27.'; 

-0.29* 

-y. Vo 9 

-0.  t.'lO 

-0.  c’64 
-0.2  64 
-G.234 

-  0 .  fe 

- 1)  !  J 

—  w  .  '_!  w  i 

-  0  •  2  2  ,• 
-0.239 
-0. 234 
-0.215 
-0.244 
-0.259 
-0.259 
-0.269 
-0.  253 
-0.240 
-3.25* 
-0.269 
-0.299 
-0.225 
-0.239 
-0.234 
-0. 249 
-0.249 
-0.236 
-3.240 


E.>rmetlcally 

Sealed 


9.255 

3.275 


Thxx 


Alpha 

Kester 

Pure 

611 

15^ 

Rosin 

>0.015 

0.198 

0.052 

0.005 

0.030 

0.092 

0.010 

0.045 

0.044  . 

0.  005 

0.174 

0.060 

*  0.000 

0.069 

0.044 

0.074 

-0.326 

0.032 

0. 050 

0.213 

0.040 

0.243 

0.22S 

0.024 

0.050 

0.  109 

0.064 

0.050 

0.397 

0.076 

0.005 

0.010 

0.032 

0.010 

0.079 

0.080 

0.015  | 

0.213 

0.052 

0.015 

0.094 

0.052 

0.015 

0.163 

0.048 

0.005 

0.  104 

.  0.025 

0.015 

0.025 

0.045 

0.015 

0.361 

3.089 

0.025 

>0 . 020 

0.020 

0.025 

-0. 143 

0.020 

0.005 

0.605 

0.026 

0.020 

0.035 

0.044 

0.010 

0.104 

0.024 

0.010 

0.119 

0.044 

0.010 

0.000 

0.044 

0.000 

0.000 

0.040 

0.015 

0.025 

0.064 

0.015 

0.223 

0.036 

0.010 

0.208 

0.060 

0.010 

>0.0 10 

0.080 

0.005 

0.357 

0.028 

0.000 

-0.059 

0.088 

0.005 

0.277 

0.036 

0.005 

0.293 

0.056 

3.005 

-0.050 

0.064 

3 .000 

0,772 

0.024 

0.010 

-0.406 

0.080 

0.010 

0.079 

0.052 

0.010 

0.352 

0.056 

0.010 

I  0.178 

0.  108 

0.1355 
0.131 
0.095 
0.106 
0.  100 
0.005 
0.045 
0.065 
0.030 
0.045 
0.075 
0.175 
0.115 
0.060 
0.075 
0.050 
0.176 
0.  121 
0.080 
0.120 


0.065 
0.120 
0.090 
0.120 
0.105 
0.0  60 
0.095 
0.095 
0.075 
0.090 
0.065 
0.136 
0.111 
0.100 
0.125 
0.065 
0.140 
0.125 
0.105 
0.160 
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Coating 

or 

Package 

1 _  _ _ Flux _  1 

Alpha 

611 

Kester 

15W* 

»  Pure 

Rosin 

No  | 

Flux 

-3.0'J5 

0.104 

3.332 

3.3  73 

3.005 

0.310 

3.044 

0.245 

3 .  3  1 0 

0.218 

3.  344 

3.  1  30 

.  3 <  0  1  3  . 

0.139. 

3.  348 

0.153 

0.335 

-3.013 

3.064 

0.170 

-0.035 

0.178 

0.063 

0.35  0 

0.000 

3.148 

0.084 

3.395 

0. 000 

0.178 

3.323 

3.  130 

0.010 

3.139 

3.376 

3.380 

0.005 

0.134 

'0 .392 

0.  131 

0.000 

3.123 

3.363 

3.045 

0.010 

0.247 

3.056 

3.121 

Stycast 

0.005 

0.  134 

3.352 

3.075 

2850GT 

0.005 

0.  148 

0 . 3  6  3 

0.330 

0. 000 

0.207 

0.082 

0.0  70 

0.005 

0.045 

0.332 

3 . 3  63 

<3.235 

0.309 

V'J  •  it)  fS  ~ 

'v.215 

0.005 

0.070 

3.  j76 

3.133 

3  .J35 

0.374 

’3.36  ’ 

0.  133 

0 .010 

0.394 

3.0  72 

0.155 

0.015 

0.324 

3.0  63 

0.3  75 

1 

0.020 

3 .  J  6'J 

J.376 

0  •  155 

0.015 

3.052 

3.283 

3.035 

0.010 

3.3  63 

3 .376 

3.  145 

0.015 

3 .352 

2.063 

3.  163 

0.010 

0.032 

0.096 

0.030 

0.015 

0.040 

0.116 

0.  123 

0.010 

0.368 

.0.116 

3.  123 

0.005 

3.343 

0.088 

3.135 

HA7236 

0.020 

0.356 

3.  148 

0.125 

3.000 

0.036 

2.132 

0.055 

i 

0.010 

.  0.372 

0.  124 

3.  115 

1 

0.305 

3 .233 

3.  120 

3.  1  65 

3.312 

0.3  6J 

3.151 

3.095 

3.  3  ‘  0 

0.083 

0.156 

0.145 

0.035 

0.044 

0.  135 

3.045 

0.010 

0.116 

0.  132 

0.  165 

0.315 

0.132 

0.  123 

3*183 

1 

0.010 

0.084 

3.  124 

0.110 

L_ 

0.010 

3.  104 

0.  123 

3.123 
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Coating 

or 

Flux  | 

Alpha 

Kester 

Pure 

r  Ho 

Package 

6ll 

15^ 

Rosin 

Flux 

i)  •  3  1  3 

J.036 

0.392 

0.355 

0.025 

0 .056 

0.246 

0.211 

J.320 

0.076 

0.112 

0.176 

0. 020 

•0.072 

0.152 

0.166 

0. 030 

0.080 

0.302 

0.236 

Eccosil 

0.015 

0.044 

0.155 

0.095 

0.020 

0.084 

0.124 

0.243 

0.030 

0.120 

0.  140 

3.415 

0.025 

0.084 

0.  1  12 

3.382 

3.020 

0.164 

0.  199 

0.231 

0.025 

0.040 

0.  120 

0.135 

0.025 

0.028 

0.088 

0.276 

0.015 

0.056 

0.  112 

0.366 

0.020 

0.0  64 

0.092 

0.236 

0.030 

0.080 

0.  128 

0.201 

0.020 

0.136 

•  0.072 

0.095 

* 

0.015 

0.044 

0.080 

0.201 

0.025 

0.032 

0.072 

0.231 

0.020 

0.356 

3.104  | 

0.402 

0.020 

0.064 

0.239 

3.221 

0.074 

0  .  1  JO 

3.  140 

3.  103 

0.079 

3.092 

0.164 

0.211 

J.034 

0.084 

3.136 

3.215 

0.094 

0.096 

0.  184 

0.  191 

0.094 

0.148 

0.184 

3. 266 

0.065 

0.368 

0.  140 

0.  100 

Hennetlcally 

0.079 

0.120 

0.132 

0.166 

Sealed 

0.074 

0.  108 

0.156 

0.166 

0.065 

0.140 

0.247  • 

0.146 

0.089 

0.208 

0.283 

0.241 

0.094 

0.100 

0.  124 

0.  135 

0 . 0b9 

0.104 

0.208 

0.  186 

0.-094 

0.112 

0t  136 

0.291 

0.069 

0.116 

0.168 

0.  171 

0.114 

0.144 

3.  183 

.0.196 

1 

0.074 

0.  100 

0.  120 

0.  145 

0.074 

0.116 

0.255 

0.201 

i 

0.074 

0.104 

0.152 

0.171 

» 

0.069 

0.124 

0.192 

0.151 

( 

0.094 

0.172 

0.272 

0.  171 
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liable  A7 

8000  Series  Resistors 


Percentage  Changes  of  Individual  Resistors  After  11  Days  at  150°C 


Coating 

_  _ Hi 

VL.  _  _ 

or 

Alpha 

Kester 

Pure 

No 

Package 

611 

1544 

Rosin 

Flux 

0.  224 

0.392 

0.299 

0.26  7 

0.233 

0.297 

»  0.332 

0.341 

0.248 

0.237 

0.238 

0.266 

0.253 

0.292 

0.304 

*  0.332 

0  -  258 

0.243 

0.316 

0.342 

0 . 353 

0.370 

0.292 

0  • 

3.312 

0.366  .. 

0.235 

O .262' 

0.526 

0.371 

0.273 

0.2  72 

1 

0.278 

0.420 

0.29.6 

0.252 

1 

Sylgard 

182 

0.  327 

3.372 

0.320 

0. 332 

0.243 

0.317 

3.272 

0.26  J 

0.253 

0.43  3 

0.304 

0.366 

0.268 

0.341 

0.313 

0.331 

0.243 

0.371 

0.297 

0.291 

0.258 

0.371 

0.306 

0.3^7 

0.243 

0.262 

0.266 

0.24  6 

0.278 

0.455 

0.296 

0.332 

J.253 

0.277 

0.330 

0.326 

0.273 

0.321 

0.261 

0.312 

0.293 

0.340 

0.276 

3.331 

0.258 

0.283 

0.263 

0.266 

0.243 

0.246 

0.292 

0.336 

0.248 

0.297 

0.238 

0.306 

0.273 

0.327 

3  •  2  d  8 

0.321 

0 . 268 

0.273 

0.  304 

3 . 3  i  6 

0.278 

0.302 

0.29  6 

0.256 

0.258 

0.406 

3.320 

0.301 

0.253 

3.366 

0.292 

0.291 

0.243 

0.302 

0.309 

0.276 

0.263 

0.471 

0.344 

0.297 

0E 

511 

0.253 

0.332 

. 0.296 

0.287 

0.243 

0.426 

0.332 

0.  351 

0.253 

3.436 

3.284 

0.337 

0.243 

0.322 

3.292 

0.3O1 

0.263 

0.446 

0.336 

0.351 

0.253 

0.344 

0.224 

3.292  • 

0.258 

0.456 

0.324 

0.  361 

0.244 

0.435 

0.308 

0.336 

0.233 

0.411 

0.296 

0.306 

0.204 

0.392 

0.392 

0.  386 
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Table  A? 
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Coating 

or 

Package 

_ _ 

Alpha 

611 

Kester 

15^ 

1 

Pure 
’•  Rosin 

No 

Flux 

0.44  d 

0.639 

0.521 

0.920 

'5.437 

0.658 

0.592 

1.127 

0.452 

0.639 

0.536 

0.918 

0.422 

0.708 

0.585 

0.953 

• 

0.316 

0.609  • 

0.917 

0.407 

0.692 

0.463 

0.  759 

0.417 

3.795 

0.543 

0.733 

0.422 

0.771 

0.416 

0.882 

0.437 

0.743 

0.603 

0.713 

0.427 

0.659 

0.756 

3.7  69 

Stycast 

0.238 

0.732 

0.408 

0.743 

2850CT 

0.457 

0.737 

0.420 

0.759 

0.412 

0.634 

0.520 

0.  638 

0.407 

0.663 

0.623 

0.  653 

0.376 

0.703 

0.696 

0.613 

0.467 

0.649 

0.560 

0.898 

0.447 

0.786 

0.596 

1.007 

0.507 

0.696 

0.863 

0.8  38 

0.452 

0.688 

0.  608 

0.932 

0.422 

0.672 

3.  641 

0.9  73 

0.357 

0.351 

0.3  74 

3.267 

0.365 

3.367 

0.486 

0.258 

0.377 

0.384 

0.331 

0.253 

0.385 

0.336 

0.446 

0.273 

3.  393 

0.356 

0. 509 

0.263 

0.293 

0.399 

0.283 

0.263 

0.301 

0.411 

0.401 

0.253 

0.316 

0.407 

0.402 

0.243 

0.269 

0.372 

0.391 

0.268 

0.289 

0.443 

0.437 

HA7236 

0.248 

0.297 

0. 148 

0.391 

3.238 

0.332  | 

0.415 

0.416 

0.228 

0.340 

0.419  1 

0.496 

0.243 

0.333 

0.431 

0.366 

0.253 

0.357 

0.451 

0.426 

0.288 

0.300 

0.446 

0.353 

0.238 

3. 360 

0.486 

0.491 

0.278 

0.432 

0.431 

0.550 

0.253 

0.340 

0.380 

0.401 

0.239 

0.361 

0.443 

0.441 

'ISO 
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Coating 

or 

Package 

_ B 

_ _ 

Alpha 

6ll 

Keater 

15U4 

Pure 

Rosin 

No 

Flux 

0.278 

0.273 

0. 196 

►j  .  2  5  6 

0.278 

0.293 

0.512 

0.422 

0.263 

0.316 

0.394 

0.387 

0.273 

0.312 

0.359 

0.377 

0.303 

0  •  34d 

0.565 

0.322 

0.263 

0.269 

0.411 

0.346 

Eccosil 

0.268 

0.312 

0.395 

0.490 

0.266 

0.352 

0.407 

0 .  64  1 

0.312 

0.333 

0.467 

0.4  32 

0.273 

0.401 

0.514 

0.411 

0. 297 

0.288 

0.378 

0.39  6 

0.273 

0.261 

0.  356 

0 . 5  J  6 

0.256 

0.309 

0.395 

0.546 

0.248 

0.301 

0.  355 

0.437 

0.266 

0.329 

0.403 

0.407 

0.273 

0.401 

0.332 

0.361 

0.248 

0.289 

0.328 

0.461 

0.263 

0.265 

0.332 

0.457 

0.243 

0.297 

0.343 

0.382 

0.278 

0.289 

0.423 

0.44  7 

^  '  0.471 

0.361 

0.  607 

0.476 

0.476 

0.405 

0.731 

3.617 

0.457 

0.377 

0  •  608 

3.  626 

0. 500 

0.341 

0.902 

0.58  7 

0.551 

0.433 

0.  648 

0.  707 

0.377 

0*369 

0.  679 

0.44  7 

0.422 

0.473 

0.  779 

3. 62  7 

0.402 

0.425 

0.823 

0.517 

0.367 

0.445 

1.035 

0.527 

0.441 

0.541 

0.906 

0.516 

0.416 

0.369 

.  0.623 

0.462 

0.431 

0.353 

0.704 

0.  602 

Hermetically 

0.437 

0.417 

0.576 

0.  742 

0.387 

0.365 

0.612 

0.572 

Sealed 

0.S11 

0.457 

0. 608 

0.553 

0.515 

0.353 

0.783 

0.497 

0.472 

0.361 

0.918 

0.  652 

0.466 

0.229 

0.760 

0.582 

0.422 

0.132 

0.759 

0.547 

0.501 

0.529 

0.  799 

3.497 
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8000  Series  Resistors 


Percentage  Changes  of  Individual  Resistors  After  11  Days  at  150°C 
_ _ +  9  Pars  at  100°C  _ 


Coating 

or 

Package 

flux 

Alpha 

611 

Kester 

15W 

Pure 

Rosin 

No  ! 

Flux 

0.209 

0.407 

!  0 . 299 

0.282 

3.226 

0.297 

0.324 

0.351 

0.243 

0.292 

0.268 

0.291 

0.233 

0.292 

•0.292 

0.332 

0.244 

0.248 

0.292 

3.331 

« 

0.323 

0.361 

0.268 

3.213 

0.308 

3.366 

0.269 

0.257 

0.819 

0.366 

0.261 

0.272 

0.288 

0.406 

0.280 

0.262 

i  Sylgard 

0.308 

0.357 

0.308 

0.287 

182 

0.238 

0.322 

0.256 

0.295 

1 

1 

0.248 

0.490 

0.292 

0.396 

\ 

t 

0.258 

0.327 

0.293 

0.336 

j 

0.233 

0.371 

0.276 

0.291 

i 

0.253 

0.371 

0.288 

0.312 

» 

1 

0.243 

0.257 

0.256 

0.241 

1 

t 

0.258 

0.453 

0.286 

0.337 

i 

0.240 

0.277 

0.330 

0.311 

i 

0.263 

0.321 

0.241 

0.261 

0.270 

0.331 

0.246 

3.30  6 

0.238 

0.283 

0.264 

0.266 

0.238 

0.248 

0.272 

0.316 

1 

0.243 

0.288 

0.280 

0.286 

* 

0.253 

0.312 

0.268 

3.286 

3.253 

0.268 

3.283 

0.296 

1 

3.248 

0.282 

0.288 

0.276 

1 

0.248 

0i’ 401 

0.304 

0.316 

OE 

0.243 

0.352 

0.280 

0.361 

511 

0.228 

0.278 

0.296 

0.286 

0.233 

0.456 

0.324 

0.282 

0.229 

0.332 

0.260 

0.297 

0.233 

0.436 

0.320 

0.361 

0.229 

0.431 

0.272. 

0.347 

: 

0.219 

0.303 

0.284 

0.311 

• 

0.244 

0.436 

0.312 

0.351 

1 

0.229 

0.  344 

0.212 

0.297 

0.233 

0.466 

0.324 

0.366 

0.234 

0.406 

0.296 

0.331 

0.228 

0.401 

0.284 

0.311 

0.204 

0.401 

0.356 

0.401 

C-52 
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Coating 

or 

Package 


"Kux 


Alpha 

611 

Kester 

154U 

Pure 

Rosin 

No 

Flux 

0.418 

0.664 

0.557 

3.9  6"J 

0.427 

0.663 

0 . 640 

•  1.167 

0.452 

0.634 

0.583 

0.953 

0.407 

0.718 

0.  637 

0.983 

0.353 

0.621 

0.625 

0.917 

0,392 

0.717 

0.579 

0.805 

0.412 

0.815 

0.651 

0.  753 

0.412 

0.786 

0.512 

0.907 

0.427 

0.747 

0.664 

0.  723 

0.407 

3.673 

0.808 

0.  734 

0 . 268 

0.  726 

0.492 

0. 7  6a 

0.437 

0.752 

0.532 

0.774 

0.397 

0.649 

0.612 

0.  648 

0.407 

0.683 

0.668 

0.668 

0.348 

0.717 

0.708 

0.623 

0.467 

0.659 

0.  612 

0.968 

3.437 

0.796 

0.663 

1.067 

0.502 

0.711 

0.959 

0.893 

0.447 

0.688 

0.  680 

0.917 

0.412 

0.633 

0.685 

0.993 

0.233 

0.289 

0.351 

0.354 

0.272 

0.296 

0.367 

0.461 

0.263 

0.293 

0.383 

0.361 

0.253 

3.297 

0.332 

0.441 

0.273 

0.313 

0.344 

0.489 

0.238 

3.309 

0.383 

0.293 

0.253 

0.317 

0.399 

0.386 

0.233 

0.328 

0.383 

0.407 

0.243 

0.289 

0.360 

0.376 

0.258 

0.305 

0.41 1 

0.442 

0.228 

0.288 

0.088 

0.411 

0.233 

0.324 

0.391 

0.401 

0.228 

0.320 

0.403 

0.461 

0.243 

0.308 

0.462 

0.361 

0.233 

0.345 

0.423 

0.421 

0.278 

0.284 

0.450 

0.345 

0.238, 

0.352 

0.451 

0.496 

0.268 

0.368 

0.427 

0.545 

0.248 

0.332 

0.340 

0.436 

0.239 

3.349 

0.41  1 

0.416 

Stycast 

2850GT 


HA7236 
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liable  A8 
Continued 


i 


i 

a 


! 


Coating 

or 

Package 


Eccosll 


Hermetically 

Sealed 


1  Flux 

Alpha 

Ke8ter 

Pure 

Ro 

611 

15^ 

Rosin 

Flux 

0.253 

0.261 

0.180 

0.256 

0.253 

0.289 

0.516 

0.397 

0.253 

0.312 

0.394 

0.417 

0.243 

0.296 

0.347 

3.332 

0.273 

0.321 

0.569 

0.297 

0.248 

0.280 

.0.407 

0.356 

0.248 

0. 300 

0.387 

3.495 

0.253 

0.336 

0.419 

3.656 

0.283 

0.313 

3.451 

0.517 

0.243 

0.381 

0.510 

0.472 

0.2*7 

0.268 

0.375 

0.401 

0.253 

0.253 

0.352 

0.506 

0.243 

0.296 

0.387 

0.566 

0.238 

0.297 

0.327 

0.442 

0.253 

0.321 

0.379 

0.417 

0.263 

0.397 

0.316 

0.411 

0.238 

0.277 

'  0.328 

0.481 

0.248 

0.269 

0.320 

0.471 

0.233 

0.269 

0.347 

0.462 

0.268 

0.285 

0.403 

0.462 

0.486 

0.369 

0.687 

0.501 

0.501 

0.413 

0.871 

0.  622 

0.427 

0.413 

0.739 

0.691 

0.505 

0.349 

1«  025 

0.  602 

0.531 

0.429 

0.791 

0.722 

0.432 

0.393 

0.303 

0.472 

0.481 

0.493 

0.863 

0.647 

0.461 

0.437 

0.895 

0.522 

0.427 

0.465 

1.210 

0.553 

0.501 

0.573 

1.014 

0.503 

0.451 

0.365 

0.783 

0.492 

0.476 

0.365 

0.780 

0.617 

0.471 

0.489 

0.652 

0.742 

0.417 

0.357 

0.692 

0.577 

0.551 

0.469 

0.633 

0.548 

0.520 

0.353 

0.891 

0.507 

0.467 

0.421 

1.017 

0.652 

i  0.481 

0.409 

0.892 

0.572 

0.432 

0.377 

0.975 

0.562 

0.516 

0.549 

0.871 

0.482 
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Coating 

or 

Package 


Sylgard 

182 


!  Flux 

Alpha 

611 

Fester 

154U 

Pure 

Rosin 

No 

Flux 

0.258 

0.446 

0.  343 

»3  .  J  32 

0. 273 

0.317 

>  0.364 

0.387 

0.278 

0.312 

0.313 

3.326 

0.286 

0.327 

0.324 

*  0.367 

0.293 

0.276 

0.332 

0.387 

3.367 

0.390 

0.320 

0.277 

0.347 

0.366  • 

0.305 

0.332 

1.270 

0.396 

0.289 

0.312 

0.  323 

0.415 

0.317 

0.287 

3.337 

0.382 

0.  352 

0.332 

0.283 

0.342 

0.292 

0.355 

0.283 

0.510 

0.  328 

3.421 

0.296 

0.361 

0.317 

3.392 

0.268 

0.381 

0.321 

0.332 

0.306 

0.396 

0.  320 

0.352 

0.283 

0.292 

0.301 

0.321 

0.293 

0.470 

0.336 

0.432 

0.278 

0.302 

0.359 

0.392 

0.298 

0.351 

0.256 

0.337 

0.  328 

0.350 

0.286 

3.366 

0.283 

0.327 

0.316 

0.  331 

0.273 

0.277 

0.  308 

0.381 

0.273 

0.312 

0.300 

3.356 

3.286 

0.337 

0.316 

0.366 

0.296 

0.302 

0.329 

3.342 

0.303 

0.322 

0.328 

0.316 

0.278 

0.421 

0.348 

0.376 

0.278 

0.366 

0.316 

0.342 

0.268 

0.307 

0.341 

0.337 

0.286 

0.485 

0.372 

0.347 

0.278 

0.362 

.3.300 

0.362 

0.278 

0.451 

0.364 

0.432 

0.273 

0 . 466 

0.312 

0.367 

0.273 

0.322 

0.316 

0.352 

0.233 

0.461 

0.  344 

0.432 

0 . 283 

0.374 

0.249 

0.263 

0.476 

0.  364 

0.391 

0.258 

0.430 

0.336 

0.371 

0.273 

0.436 

0.328 

3.34  6 

0.238 

0.421 

0.396 

0.456 
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Coating 

or 

Package 


Stycaet 

2850GT 


HA7236 


Alpha 
6ll 
8.442 
0.4S2 
0.487 
0.447 
0.398 
0.442 
0.442 
0.427 
0 .462 
0.452 
0.308 
0.477 
0.442 
0.457 
0.403 
0.511 
0.436 
0.546 
0 . 49  1 
0.467 
0.273 
0.302 
0.292 
0.287 
0.307 
3.278 
3.233 
3.263 
0.273 
0.293 
0.268 
0.263 
0.258 
0.278 
0.268 
0.313 
3.273 
0.293 
0.233 
0.263 


Kester 

1544 

0.694 

0.703 

0.669 

0.748 

0.856 

0.771 

0.334 

0.816 

0.792 

0.693 

0.756 

0.802 

0.669 

0.702 

0.742 

0.689 

0.830 

0.740 

0.732 

0.682 

0.333 

0.324 

0.329 

0.329 

0.361 

0.345 

0.345 

0.352 

0.325 

0.345 

0.341 

0.360 

0.356 

0.341 

0.373 

0.324 

0.376 

0.396 

0.352 

0.377 


Pure 
Roe  in 
0.617 
0.680 
0.624 
0.665 
0.681 
0.591 
0.663 
0.538 
0.704 
0.871 
0.556 
0.548 
0.  644 
0.728 
0.760 
0.  644 
0.704 
1.015 
0.724 
0.745 
0.387 
0.391 
0.416 
0.368 
0.388 
0.41  1 
0.439 
0.419 
0.372 
0.435 
0'.  120 
0.431 
0.431 
0.481 
0.431 
0.498 
0.471 
0.463 
0.364 
0.451 


Table  A9 
Continued 


;  Flux  1 

Alpha 

Keater 

Pure 

No 

6ll 

15^4 

Rosin 

Flux 

0.278 

0.325 

0.208 

0.29  6 

0.273 

0.321 

0.560 

.  0.457 

0.283 

0.344 

0.426 

0.467 

0.278 

0.336 

0.387 

3.^27 

0.308 

0.353 

0.613 

0.362 

0.278 

0.321 

0.466 

•••  3.431 

0.283 

0.341 

0.419 

0.545 

0.283 

0.368 

0.447 

0.711 

0.317 

0.357 

0.483 

0.542 

0.273 

0.421 

0.546 

0.592 

0.317 

3.320 

0.438 

0.451 

0*  283 

0.289 

0.388 

0.556 

0.273 

0.333 

0.431 

0.  616 

0.268 

0.333 

3.367 

0.497 

0.292 

0.361 

0.427 

0.467 

0.307 

0.441 

0.348 

3.416 

0.258 

0.325 

0.352 

0.516 

0.288 

0.321 

0.356 

0.522 

0.263 

0.325 

0.399 

0.482 

0.293 

0.329 

0.439 

0.592 

0.0  7$  ”'“1 

0.437 

0.843 

-0.134 

0.477 

1.054 

■7ruC4 

-0.397 

0.437 

0.833 

« 

-0.461 

0.401 

1.237 

TV  l—  ■  1  1 

-0.452 

0.497 

0.995 

-iH-tTt 

0.526 

0.461 

3.967 

3.492 

0.556 

0.529 

1.027 

0.682 

0.546 

0.461 

1.079 

0.552 

0.491 

0.501 

1.425 

0.588 

0.590 

0.657 

1.162 

0.553 

-0.818 

0.425 

0.967 

0.582 

0.570 

0.401 

0.896 

0.  627 

0.546 

0.585 

0.764 

3.767 

0.486 

3.413 

3.319 

0.617 

-1.032 

0.529 

0.803 

0.533 

-0*535 

0.393 

1.027 

0.532 

0.005 

0.485 

1.105 

0.692 

0.034 

0.461 

1.008 

0.612 

0.218 

0.441 

1.103 

0.612 

0.382 

0.633 

0.947 

0.528 

Hermetically 

Sealed 
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liable  A10 

8000  Series  Resistors 


Percentage  Changes  of  Indlrldual  Resistors  after  11  Says  at  150°C 
+  17  Days  at  100°C  +  76  Days  at  125  C _ _ 


- — - 

Flu 

L  _ _ 

Coating 

or 

Package 

Alpha 

611 

Kester 

15H 

Pure 

Rosin 

Ho 

Flux 

0.293 

0.471 

0.399 

0.392 

>0.601 

0.362 

0.416 

0.462 

0.338 

0.3F7 

0.385 

0.397 

0.333 

0.367 

0.392 

0.432 

0.353 

0.322 

0.401 

0.447 

0.412 

0.435 

0.373 

0.331 

0.387 

0.440 

0.369 

0.357 

Sylgard 

2.119 

0.440 

0.365 

0.377 

1§2 

0.367 

0.485 

0.385 

0.357 

0.392 

0.436 

0.400 

0.372 

0.316 

0.361 

0.361 

0.415 

0.332 

0.559 

0.392 

0.506 

I 

0.338 

0.416 

0.389 

0.457 

1 

i 

0.322 

0.450 

0.389 

0.412 

1 

0.347 

0.440 

0.384 

0.418 

1 

0.323 

0.326 

0.346 

0.386 

i 

0.337 

0.514 

0.371 

0.482 

0.323 

0.361 

0.427 

0.417 

1 

0.347 

0.411 

0.336 

0.417 

1 

0.367 

0.404 

0.337 

0.447 

1 - 

0.323 

0.362  ' 

0.360 

0.422 

0.323 

0.327 

0.372 

0.412 

0.328 

0.372 

0.377 

0.427 

0.348 

0.407 

0.384 

0.442 

0.348 

0.362 

0.393 

0.437 

; 

0.338 

0.367 

0.388 

0.402 

0.323 

0.485 

0.404 

0.462 

4 

t 

0.333 

0.441 

0.389 

0.437 

4 

0.318 

0.362 

0.409 

0.417 

0.332 

0.535 

0.436 

0.427 

0.323 

0.407 

0.356 

0.416 

511 

l 

0.323 

0.495 

0.4*04 

0.477 

0.323 

0.520 

0.372  • 

0.452 

0.318 

0.392 

0.385 

0.442 

4, 

0.343 

0.505 

0.416 

0.487 

•' 

0.318 

0.428 

0.297 

0.417 

0.323 

0.535 

0.416 

0.492 

0.318 

0.490 

0.392 

0.467 

0.318 

0.491 

0.392 

0.451 

i 

w — . — - -  ■ 

0.308 

0.491 

0.456 

0.556 
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ftble  A10 
Continued 


Flux 

Coating 

or 

Alpha 

Kester 

Pure 

No 

Package 

611 

15^ 

Rosin 

Flux 

0.502 

0.  783 

0.653 

1.  120 

0.536 

0.806 

0.740 

1.323 

0.586 

0.778 

0.564 

1.104 

0.531 

0.847 

0i  685 

1.  196 

0.482 

0.940 

0.769 

1.128 

0.512 

0.841 

0.272 

0.905 

0.521 

0.926 

0.371 

0.874 

Stycast 

2850CT 

0.516 

0.924 

0. 304 

1.063 

0.557 

0.866 

0.756 

0.874 

0.516 

0.602 

0.931 

0.970 

0.353 

0.645 

0.432 

0.914 

0.561 

0.866 

0.284 

0.929 

0.531 

0.763 

0.504 

0.804 

0.541 

0.806 

0.776 

0,823 

0.477 

0.831 

0.868 

0.  7  74 

0.591 

0*808 

0.700 

1.0SS 

0.561 

0.949 

0.680 

1.238 

1 

1 

0.641 

0.665 

1.039 

1.079 

i  0.576 

0.856 

0.784 

1.  108 

0.551 

0.643 

0.825 

1.  178 

1 

0.307 

0.385 

0.431 

0.449 

0.317 

0.339 

0.443 

0.566 

0.322 

0.393 

3.448 

0.456 

0.317 

0.393 

0.420 

0.536 

0.337 

0.409 

0.416 

0.568 

0.303 

0.405 

0.439 

3.  374 

0.302 

0.409 

0.474 

0.491 

HA7236 

0.293 

0.420 

0.463 

0.49  7 

0.303 

0.393 

0.440 

0.477 

0.322 

0.397 

0.455 

0.512 

0.303 

0.381 

0.124 

0.521 

0.303 

0.416 

0.455 

0.501 

0.298 

0.412 

0.471 

0.561 

0.318 

0.417 

0.505 

0.451 

0.308 

0.441 

0.467 

0.501 

0.352 

0.381 

0.530 

0.456 

0  303 

0.433 

0.494 

0.586 

0.332 

0.444 

0.507 

0.665 

0.323 

0.420 

0.380 

0.517 

0.318 

0.433 

0.471 

0.516 
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Tatle  MO 
Continued 


Coating 

or 

Package 

Flux 

Keeter 

15W 

Pure 

Rosin 

lo 

Flux 

0  •  32  7 

0.361 

0.224 

0.367 

0.327 

0.381 

0.612 

0.527 

0.332 

0.417 

0.486 

0.552 

0.332 

0.401 

0.427 

0.517 

0.352 

0.417 

0.692 

0.433 

0.322 

0.385 

0.502 

0.471 

0.333 

0.397 

0.474 

0.635 

0.332 

0.440 

0.519 

0.816 

Eccosil 

0.367 

0.417 

0.543 

0.  623 

0.326 

0.493 

0.602 

0.597 

0.352 

0.393 

0.618 

0.536 

0.332 

0.3S3 

0.451 

0.647 

0.317 

0.393 

0.483 

0.  726 

0.312 

0.405 

0.439 

0.597 

0.332 

0.433 

0.487 

0.552 

0.337 

0.497 

0.408 

0.497 

0.317 

0.385 

0.420 

0.602 

0.328 

0.385 

0.416 

0.612 

0.322 

0.397 

0.439 

0.582 

0.342 

0.389 

0.498 

0.587 

-24.263 

0.533 

■  ~~ 

-34.585 

0.602 

•21.331 

-29 i 573 

0.553 

-11.472 

fii  n  vr 

-36.746 

0.501 

-20.132 

-33.123 

0.593 

-13.136 

Wl  999 

-0.010 

0.585 

-8.062 

0.572 

0.446 

0.721 

-9.417 

0.  773 

0.595 

0.670 

-10.340 

0.  648 

Hermetically 

0.585 

0.677 

-15.785 

0.  683 

0.501 

0.G13 

-13.132 

0.  654 

Sealed 

-4.967 

0.497 

-5.451 

0.597 

-3.074 

0.493 

-4.277 

0.762 

-1.836 

0.718 

-3.527 

0.907 

-0,397 

0.513 

-5.113 

0.  728 

-6.542 

0.650 

•4.900 

0.669 

-21.728 

0.513 

1.470 

0.592 

-17.646 

0.641 

1.488 

0.778 

-21.056 

0.686 

1.432 

0.722 

-19.363 

0.594 

1.510 

0.  718 

-19.064 

0.814 

1.318 

0. 623 
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TABLE  A10 

STABILITY  OF  DUPONT  BIROX  AMU  8000  SERIES  RESISTORS 
COATED  WITH  DOW  CORNING  DC3140 


CONDITION 

PERCENTAGE  CHANGES  FOR:  ! 

BIROX 

COATED  WITH 
DC3140 

BIROX 

CONTROLS 

:8000  SERIES 
COATED  WITH 
DC3140 

8000  SERIES 

CONTROLS 

• 

0.010 

0.011 

0.113 

o.ooc 

• 

0.002 

0.026 

0.051 

-0-217 

-0.080 

0.000 

0.074 

0.048 

After 

-0.025 

0.012 

-0.043 

o.o^o 

Coating 

0.179 

0.018 

0.044 

0.051 

0.01  7 

0.014 

0.035 

0.007 

(Ho  Thermal 

0.012 

0.013 

0.057 

-0.552 

Aging) 

-0.053 

-0.020 

0.017 

CO 

o 

o 

. 

o 

-0.033 

-0.024 

0.032 

0.024 

0.002 

0.015 

-0.020 

0.016 

-0.007 

0.01  7 

-0.011 

0.009 

0.004 

0.027 

-0.035 

0.008 

-0.025 

0.015 

-0.007 

0.01  6 

-0.031 

0.021 

0.000 

0.012 

-0.066 

-0.006 

0.004 

0.012 

-0.013 

-0.028 

-0.012 

0.017 

0.000 

0.008 

-0.035 

0.004 

-0.122 

0.012 

0.007 

0.008 

-0.388 

0.007 

-0.008 

0.000 

-0.150 

-0.004 

-0.004 

0.003 

-0.021 

-0.032 

-0.009 

0.007 

0.038 

-0.042 

-0.021 

-0.233 

-0.110 

0.015 

-0.022 

0.012 

-0.353 

-0,021 

-0.008 

0.000 

-0.125 

-0.004 

-0.004 

0.004 
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TABLE  All 


STABILITY  OF  DUPONT  BIROX  AMD  3000  SERIES  RESISTORS 
C'JATED  WITH  DOW  CORJIMG  DC3140 


)  JDITI0.4 

1  PERCENTAGE  CHANGES  rOK* 

BIROX 

COATED  WITH 
DC3140 

BIROX 

CONTROLS 

8000  SERIES 
COATED  WITH 
DC3140 

8000  SERIES 
CONTROLS 

• 

0.017 

0.001 

0.305 

0.089 

« 

0.000. 

0.013 

0.205 

0.161 

0.035 

0.000 

0.192 

0.097  ‘ 

0.005 

-0.006 

0.107 

0.193 

0.030 

-0.006 

C.095 

0.173 

u«027 

0.000 

0.105 

0.104 

After 

0.031 

0.021 

0.155 

0.159 

2U  Hr s. 

0.003 

0.020 

0.137 

0*090 

■% 

0.000 

-0.017 

0.139 

0.151 

125  C 

0.011 

-0.015 

0.118 

0.123 

0.017 

0.000 

0.052 

0.061 

0.016 

0.013 

0.049 

0.096 

-0.025 

0.004 

0.051 

0.123 

-0.013 

0.007 

0.056 

0.008 

0.000 

-0.014 

0.064 

0.103 

0.017 

0.003 

0.067 

0.104 

0.015 

0.008 

0.063 

0.093 

-0.006 

0*004 

0.073 

0.085 

-0.007 

0.000 

0.060  • 

0.034 

0.002 

0.000 

0.060 

0.093 

-0.013 

-0.008 

0.064 

0.092 

0.057 

0.000 

0.076 

0.034 

-0.012 

0.008 

0.036 

0.093 

-0.015 

-0.002 

0.060 

0.093 

0.000 

0.000 

0.064 

0.085 

MP  51,978 

Page  55 


TABLE  A12 


STABILITY  OF  DUPONT  BIROX  AND  8000  SERIES  RESISTORS 
COATED  WITH  DOW  CORNING  DC3140 


CONDITION 

PERCi 

SNTAGE  CHANGES  FOR: 

BIROX 

COATED  WITH 
DC31 40 

BIROX 

CONTROLS 

8000  SERIES 
COATED  WITH 
DC3140 

8000  SERIES 
CONTROLS 

A 

0.01  7 

0.000 

0.607 

0*164 

• 

0.012 

0.015 

0.451 

0.  184 

0.035 

0.000 

0.383 

0.240 

0.000 

-0.003 

0.245 

0.340 

0.030 

-0.006 

0.199 

0*256 

0.027 

-0.001 

0.230 

0.171 

0.031 

0.01  7 

0.322 

0.33'; 

After 

0.000 

0.012 

0.2*6 

0. 1  64 

-0.008 

-0.021 

0.21c 

0.219 

7  Days 

0.008 

-0.021 

0.397 

0.215 

At 

0.013 

-0.002 

0.160 

0.076 

I25°C 

0.008 

0.009 

0.190 

0.136 

-0.030 

G.000 

0.139 

0.135 

-0.018 

0.007 

0.149 

0.132 

0.003 

-0.018 

0. 149 

0.127 

0.017 

0.003 

0.224 

0.153 

0.011 

0.004 

0.267 

0.129 

-0.013 

0.004 

0.176 

0.129 

-0.014 

-0.004 

0.125 

0.133 

0.002 

-0.004 

0.153 

0.133 

0.006 

-0.008 

0.207 

0.151 

0.0  69 

0.005 

0.250 

0.133 

-0.004 

0.003 

0.116 

0.125 

-0.004 

0.002 

0.132 

0.137 

-0.010 

0.004 

0.148 

0.117 
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TABLE  A13 

SMdlurY  WF  O.JP0 >;T  dIkOX  AND  ROOO  SERIES  RESISTORS 
GOAlfcD  Viirn  DOW  CORNING  DC3140 

1  PERCENTAGE  CHANGES  FOk; 


BIRG/X 

B1K0X 

ROOO;  SERIES 

600)  Sh.*M  •...*> 

COATED  WITH 

CONTROLS 

COATED  WITH 

CONTROLS 

%'.ji  rivjiM 

DC  31  40 

DC  31  40 

• 

0*040 

0.01  4 

0.396 

0.201 

• 

0.032 

0.037 

0.316  . 

0.291 

0.030 

0.000 

O.OBR 

0.263 

0.015 

0.008 

0*134 

0.383 

0.030 

0.006 

0.147 

0 . 2  60 

After 

0.033 

-0-063 

0.193 

0.215 

lU  Days 

0.03K 

0.038 

0.218 

0.334 

0.023 

0.033 

0.164 

0. 1  96 

at 

0.016 

-0.007 

0.139 

0.233 

U>5°C 

0.032 

-0.012 

0.287 

0.239 

0.040 

0.013 

0.074 

0.  1  04 

0.033 

0.03! 

0.099 

0.172 

-0.013 

0.016 

0.139 

0.093 

0.000 

0.023 

0.123 

0.171 

0.028 

-0.006 

0.141 

0.151 

0.044 

0.01  3 

0.045 

0.  1  90 

0.041 

0.024 

0*049 

0.1  65 

0.006 

0.025 

0.146 

0.163 

0.007 

0.028 

0.076 

0.169 

0.023 

0.014 

0.121 

0.169 

0.019 

0.000 

0.132 

0.187 

0.086 

0.01  3 

0.118 

0.173 

0.004 

0.039 

0.058 

0.161 

0.004 

0.010 

0.060 

0.181 

0.010 

0.01  6 

0.116 

0.1  37 
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TABLE  AlU 

STABILITY  OF  DUPONT  BIROX  AND  8000  SERIES  RESISTORS 


COATED  WITH 

DOW  CORNING 

DC3140 

PERCENTAGE  CHANGES  FOR: 

BIROX 

BIROX 

8000  SERIES 

8000  SERIES  ! 

CONDITION 

COATED  WITH 
DC3M0 

CONTROLS 

COATED  WITH 
DC3140 

CONTROLS  j 

1 

0 • 0400 

0.0322 

0.4184 

0.2453 

0*0341 

0.0549 

0.3125 

0.2612  j 

0.0550 

0.0000  ! 

0.2507 

0.2831 

e.0200 

0.0220  ! 

0.0948 

0.3991  j 

i 

-0.008 1 

3.0200  • 

0.1748 

0.2679  , 

| 

0.0532 

-0.0485  i 

0.2203 

0.2451  ! 

After 

0.0579 

0.0716  i 

0.2052 

0.3239  ! 

28  Days 

0.0302 

0.0650 

0. 1868 

0.2318  | 

0.0247 

0.0195 

0.  1904 

0.2870 

at 

0.0296 

0 . 0  1  69 

0.2436 

0.2990 

0.0365 

0 . 042  6 

0.0987 

0.1502  f 

_ 

125  c 

0.0310 

0.0669 

0.1198 

0.2198 

; 

-0.0100 

0.0539 

0.1612  ' 

0.1233 

, 

0. 0000 

0.0565 

0.1448 

0.2153 

0.0219 

0.0219 

0.1691 

0. 1 752 

( 

i 

0.0436 

0.0413 

0.0683 

0.2256 

! 

0.0298 

0.0554 

0.0561 

0.2052 

0.0128 

0.0534 

0.1830 

0.1972 

'  0.0144 

0.0461 

0.0965 

0.2132 

.  0.0212 

0.0434 

0. 1529 

0.2132 

j  0.0147 

0.0162 

0.1556 

i  0.2243 

i 

:  0*0837 

0.0274 

0.1318 

0.2130 

0.0079 

0.0541 

0.0796 

0.2012 

t 

0.0110 

0.0273 

0.0919 

0.2173 

f 

1  . .  - 

0.0193 

0.0358 

0.  1478 

’  0.1976 
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TABLE  A15 


STABILITY  OP  DUPONT  BIROX  AND  8000  SERIES  RESISTORS 
COATED  WITH  DOW  CORNING  DC3140 


CONDITION 

PERC! 

SNTAGE  CHANGES  FOR: 

BIROX 

COATED  WITH 
DC3140 

BIROX 

CONTROLS 

6000  SERIES 
COATED  WITH 
DC3140 

8000  SERIES 
CONTROLS 

0.0333 

-0.0519 

0.4751 

0.3047 

• 

0.0244 

•0.1428 

0.3788 

0.4313 

0.0500 

0.0000 

0.3441 

0.3167 

0.0150 

-0.0921 

0.0988 

0.4860 

>0.0439 

-0.0921 

0.2304 

0.3624 

0.0466 

-0.0300 

0.2681 

0.3120 

0.0540 

-0.1684 

0.2841 

0.5645 

After 

0.0227 

-0.1626 

0.2341 

0.2917 

6k  Ihys 

0.0165 

-0.0752 

0.2738 

0.3268 

0.0211 

-0.0843 

0.2790 

0.3389 

at 

0.0332 

—0.0600 

0.1289 

0.1636 

125°C 

0.0233 

-0.1829 

0.1480 

0.2438  1 

>0.0250 

-0.1563 

0.1978 

0.0953 

>0.0061 

-0.1448 

0.1730 

0.2392 

0.0162 

-0.0997 

0. 1973 

0.191 1 

0.0393 

-0.0531 

0.1015 

0.2312 

i 

0.0186 

-0.1662 

0.1053 

0.2293 

! 

0.0064 

-0.1765 

0.2416 

0.2414 

0.0072 

-0. 1524 

0.1246 

0.2292 

' 

0.0154 

-0. 1591 

0.1851 

0.2373 

0.0126 

-0.0243 

0. 1824 

0.2131 

0.0789 

-0.0713 

0.1734 

0.2291 

0.0079 

•0.3398 

0.0941 

0.2253 

0.0074 

•0.0799 

0.1199 

0.2495 

0.0096 

-0.0896 

0*1758 

0.2177  l 

■ 
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TABLE  Al6 


STABILITY  OF  DUPONT  BIR0X  AND  8000  SERIES  RESISTORS 
COATED  WITH  DOW  CORNING  DC3140 


CONDITION 

PERC* 

'NT AGE  CHANGE* 

for: 

BIR0X 

COATED  WITH 
DC3140 

BIR3X 

CONTROLS 

8000  SERIES 
COATED  WITH 
DC3140 

8000  S FRIES 
CONTROLS 

-0.1066 

-0.0519 

0. 4342 

P.PRQ9 

-0.0707 

-0. 1 428 

0.3030 

0.4713 

0.0300 

0.0000 

0.3269 

0.21 5* 

-0.0050 

-0.0921 

-0.0553 

0.3754 

0.0150 

-0.0941 

0.0755 

0.^324 

-0.0899 

-0.0S99 

0. 1 405 

0.9771 

-0. 1 119 

-0.  1684 

0.2179 

0.5745 

Arter 

-O.ulbl 

-0*1 60b 

0.  154/- 

0.225?' 

76  nays 

-0.0247 

-0.0766 

0.1508 

0.1013 

-0.061? 

-0.0843 

0. 1650 

0. 1954 

It 

-0.1096 

-0.0616 

0.  1216 

0.  1  o/.p 

-0. 1397 

-0.1873 

0. 1480 

".0910 

-0.0400 

-0.1600 

-0. 1538 

-n.n635 

-0.0307 

-G. 1 4*8 

0. OOOO 

O .0837 

-0.0231 

-0.1017 

0.0121 

0.0398 

-0.  1484 

-0.0545 

0. 1056 

0.1601  , 

-0.1378 

-0.1701 

0. 1263 

0.0764 

-0.0192 

-0. 1806 

-0.  1  3  1  R 

0.0724 

-0.0215 

-0.1595 

-0. 0523 

0.0764 

-0.0635 

-0. 1591 

n.npi 

0  .  r  1  r  5 

-0.0735 

-0. 0324 

0.  1670 

0.151/'  j 

-0.0191 

-0-0713 

0.  1803 

0.0704  j 

-0.0118 

-0.  347  6 

-0. 2534 

0.06® 4  J 

-0.0074 

-0.0818 

-0.0559 

0.0966 

-0.0289 

-0.0941 

-0.0040 

0.0645 
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t  TABLE  A17 


STABILITY  0F  DUPONT  BIR0X  AND  8000  SERIES  RESISTORS 
COATED  WITH  DOW  CORNING  DC3140 


i 

J  CONDITION 

PERCENTAGE  CHANGES  FOR* 

BIR0X 

COATED  WITH 
DC3I40 

B1R0X 

CONTROLS 

8000  SERIES 
COATED  WITH 
DC3140 

8566  ifcRlSS 

CONTROLS 

«  * 

0*0367 

-0*0460 

0*5736 

0*3386 

0*0397 

-0*1431 

0*4590 

0*3750 

0.0S47 

-0*0203 

0*4041 

0*2853 

0*0148 

-0*0873 

0*1126 

0*5275 

0*0718 

-0*0873 

0*2646 

0*4116 

-0*0163 

0*3017 

0*3309 

-0* 1 680 

0*3453 

0*6483 

0*0201 

-0*1 634 

0*2829 

0*3183 

0*0174 

-0*0625 

0*3396 

0*3451  ! 

After 

0*0342 

-0*0717 

0.3281 

0*3572  ; 

95  ifeys 

0*0332 

-0*0475 

0.1818 

0*2207  | 

0*0248 

-0*1896 

0*1781 

0*2582  l 

At 

-0*0153 

-0*1571 

0*1934 

0*0857  1 

125°C 

-0*0036 

•0*1462 

0*1959 

0*2616  • 

0*0313 

-0*0912 

0*2122 

0*2095  j 

0*0323 

-0*0436 

0*1643 

0*2426 

0*0186 

-0*1717 

0*1561 

0*2482 

0*0108 

-0*1769 

0*2152 

0*2402 

0*0027 

-0*1574 

0*1476 

0*2441  j 

0*0244 

-0*1598 

0*2000 

0.2602 

0*0128 

-0*0403 

0*2294 

.0*2451 

0*0861 

-0*0772 

0*1954 

0*2440 

-0*3885 

0*0825  ! 

0*2362 

\ 

-0*0859 

0*1383 

0*2483 

-0*0916 

0*2021 

0*2286  . 
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Appendix  D 

ADHESIVE  BONDING,  CURING  AND  INSULATION 
OF  THE  UpSTAGE  AIRFRAME 


•  MDAC  Report  MP  51,  564  (M.  C.  St.  Cyr),  Adhesive  Bonding 
of  Heat  I'faield  Insulation  of  Aluminum  Substructure, 

13  May  1970. 

•  MDAC  Report  MP  51,  736  (S.  E.  Gordon,  et  al. ),  Thermal 
Analysis  of  Refrasil  Phenolic  Prepreg  and  AF31  Nitrile 
Adhesive  for  UpSTAGE,  11  March  1970. 

•  MDAC  Report  MP  51,731  (R.  W.  Hunter),  300°F  Cure  Studies 
of  C- 100-96/DP  24-2  Prepreg  and  AF31  Film  Adhesive  for 
UpSTAGE,  22  April  1970. 

•  MDAC  Report  MP  51,  732  (F.  B.  Jones),  Plasma  Jet  Specimen 
Preparation,  23  April  1970. 

•  MDAC  Report  MP  51,  741  (G.  D.  Shepherd),  Bonding  Refrasil 
Phenolic  to  Aluminum  Using  HT-424  Adhesive  for  UpSTAGE, 

21  April  1970. 
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1.  MATERIALS 


1.1  Vendor  -  3M  Company 
St.  Paul,  Minnesota 

1.1.1  EC-3515,  B/A  Polyurethane  Achesive 
B-^tch  23M8C,  DPM  3396 

1.3.2  EC-3901,  Silane  Primer 
Batch  32K8P,  DPM  3688 

1.1.3  EC-2216,  B/A  Flexible  Epoxy  Adhesive  Paste 
Batch  22KSC,  DPM  3279 

1.1.4  AF-31  Nitrile  Phenolic  Film  Adhesive 
Batch  22H,  DPM  3915 

1.1.5  EC-1459,  Nitrile  Phenolic  Primer 
Batch  5B8P,  DPM  2131 

1.1.6  AF- 126-2,  Epoxy  Nitrile  Adhesive  Film 
Batch  905,  DPM  3844 

1.1.7  EC-2320,  Epoxy  Nitrile  Primer 
Batch  15M7C,  DPM  3842 

1.2  Vendor  -  Bloomingdale  Department,  American  Cyanamid  Co. 

Havre  de  Grace,  Maryland 

1.2.1  FM-123-5,  Epox,/  Nitrile  Adhesive  Film 
Batch  B-204 

1.2.2  BR-123,  Epoxy  Nitrile  Primer 
Batch  L-15 

1.3  C-lOO-96  Refraeil/DP  24-2  Phenolic  Resin  Prepreg,  Batch  09806 
Ferro  Corp/Cordo  Div.,  Culver  City,  California 

Note:  Candidate  adhesives  were  selected  on  the  basis  of  (l)  a  short 
duration  glueline  temperature  exposure  of  93*  to  l40*C  (200*  to 
300*F)  and  (2)  a  non- outgas sing  material  during  the  required 
elevated  tempera ture  curing  cycle. 
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2.  OBJECT 

2.1  To  develop  and  evaluate  a  method  for  simultaneously  bonding  and  curing  a 
Refrasll/phenollc  prepreg  to  an  aluminum  substructure. 

2.2  To  determine  the  compatibility  of  selected  adhesive  systems  with  the 
Refrasll/phenollc  prepreg. 

2.3  To  evaluate  Joining  techniques  for  ease  of  fabrication,  bond  Integrity 
and  aerodynamic  smoothness. 

2.4  To  determine  the  integrity  of  the  bond  by  nondestructive  Inspection. 

3.  PROCEDURE 

3.1  Bonding  of  Refrasll/phenollc  Prepreg  to  Aluminum  Plates 

The  candidate  adhesives  vere  used  to  bond  C-lOO-96  Refrasil/DP  24-2  Phenolic 
prepreg  to  6"k6"x0.250",  2024  T-3  clad  aluminum  plates.  The  aluminum  plates 
vere  prepared  for  bonding  by  etching  in  a  solution  of  sulfuric  acid-sodium 
dichromate  for  20  minutes  at  66*C  (l50*F)  per  the  procedure  outlined  In 
DPS  30,000,  type  I,  Rev.  K.  The  faying  surfaces  of  the  cleaned  aluminum 
plates  vere  brush  coated  vith  primer,  vhere  applicable,  and  the  primer  cured 
per  the  recommendations  of  the  manufacturer.  Subsequently,  the  adhesive 
vas  placed  (film)  or  trovelled  (paste)  onto  the  aluminum  faying  surface, 
the  prepreg  positioned  on  the  adhesive  and  the  assembly  taped  into  position. 

The  assembly  vas  bagged  and  a  vacuum  of  28  inches  Hg,  minimum,  applied. 
Vacuum  bagged  specimens  vere  then  cured  for  3  hours  at  l49°C  (300*F)  in  the 
autoclave  under  50  psig  pressure  and  cooled  to  66*C  (150*F)  before  the 
pressure  vas  removed.  The  above  cure  cycle  vas  used  for  all  subsequent 
bonding  operations  regardless  of  the  type  of  adhesive  eystem  utilized.  The 
adhesive  systems  used  vere  as  follova: 

Film  Adhcsivc/Primer  Paste  Adhesive/Primer 

AF-31/EC-1459  EC-3515/EC-3901 

AF-126-2/EC-2320  EC-22l6/None 

FM-123-5/BR-123 
FM-123-7/BR-123 

Table  I  shove  the  thickness  of  cured  Refrasll  vhen  bonded  to  aluminum. 

3*2  Bonding  of  Prepreg  to  Aluminum  Cylinders 

Subscale  circular  aluminum  cylinders,  approximately  6  Inches  In  diameter, 
vere  covered  vith  Insulation  and  cured  using  the  four  most  promising  of  the 
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above  adhesive  systems .  Cylinders  were  fabricated  using  a  butt-splice 
and  a  single  overlap  joint  for  each  adhesive  used.  A  layer  of  5/8  inch 
thick  silicone  rubber  foam  was  inserted  between  the  vacuum  bag  and  bleeder 
cloth  to  alleviate  ridges  on  the  surface  of  the  heat  shield  due  to  excess 
resin  bleed  out  and  bagging  creases.  Figure  1  depicts  the  bagging  method 
used  to  minimize  surface  imperfections  on  the  insulation.  Figure  2  shows 
cylinders  that  were  cured  with  and  without  the  silicone  rubber  foam  pad  in 
the  fabrication  lay-up. 

3  *3  Bonding  of  Prepreg  to  an  Aluminum  Elliptical  Cylinder 

An  aluminum  elliptical  cylinder,  71  inches  in  circumference,  was  insulated 
with  the  prepreg  using  AF-31  adhesive  film  as  described  in  3*2  above. 

Note:  The  Refrasil/phenolic  prepreg  had  a  flow  of  10. 7^,  a  resin 
solids  content  of  2&.Q$  and  5*9$  volatiles  and  was  used  in 
the  as-received  condition. 

3*4  ^on-destructive  Testing 

All  of  the  adhesively  bonded  UpSTAGE  test  cylinders  were  .nondestructively 
tested  for  voids  in  the  adhesive  bond  line  using  the  immersion  ultrasonic 
through- transmission  technique.  The  basic  operational  set-up  is  shown  in 
Figure  3. 

3*4.1  Ultrasonic  Through-transmission  Procedure  - 

The  entire  specimen  was  immersed  in  water  which  acted  as  a  coupling 
medium.  The  ultrasonic  waves  generated  by  the  transmitting  transducer 
passed  through  the  adhesively  bonded  cylinder  and  were  detected  by  the 
receiving  transducer.  Changes  in  the  strength  of  the  received  signal 
were  attributed  to  changes  in  the  attenuation  because  of  the  presence 
of  defects  in  the  adhesively  bonded  c ;  I  '.nder. 

A  void  in  the  adhesive  is  highly  attenuating.  To  obtain  a  map  of  the 
6can,  the  transducers  were  moved  back  and  forth  parallel  to  the  axis  of 
the  cylinder.  After  each  pass,  the  cylinder  was  rotated  a  small  increment. 
In  this  manner  the  whole  surface  was  covered.  The  record  consists  of  a 
series  of  lines,  one  for  each  pass  of  the  transducers.  The  record  was 
arranged  so  that  a  line  was  written  only  for  signals  above  a  certain  pre-set 
level.  Thus,  those  regions  which  show  the  greatest  attenuation  because  of 
voids  appeared  as  light  areas  in  the  record.  This  type  of  record  is 
called  a  C-scan  map. 

A  typical  C-scan  map  revealing  voids  is  shown  in  Figure  4.  The  light  areas 
represent  the  more  highly  attenuating  voids.  The  long  void  shown  across  the 
top  of  the  map  is  dye  to  the  air  trapped  between  the  aluminum  and  tape  which 
was  applied  to  keep  the  cylinder  from  slipping  on  the  rollers.  A  typical 
C-scan  map  of  an  adhesively  bonded  cylinder  without  voids  is  shown  in 
Figure  5. 
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4.  RESULTS 


4.1  A  large  scale  elliptical  cylinder  vas  insulated  and  bonded  with  Refrasll/ 
phenolic  using  a  nitrile  phenolic  adhesive  (AF-31)*  See  Figure  6. 

4.2  The  epoxy  and  phenolic  adhesives  used  in  this  work  were  compatible  with  the 
Refrasll  prepreg.  The  urethane  adhesive  was  incompatible  with  the  Refrasll 
Insulation. 

4.3  The  AF-31  cylinders  were  bonded  void  free  as  determined  by  ultrasonic  through- 
transmission  technique.  See  Figure  5* 

4.4  The  thickness  of  the  cured  Refrasll  when  bonded  to  aluminum  is  shown  in  Table  I. 
In  all  combinations  checked,  the  total  Insulation  thickness  (cured  Refrasll 

and  adhesive)  is  less  than  the  total  thickness  of  the  uncured  Refrasll  plus 
the  uncured  adhesive. 

5.  SIGNIFICANCE  OF  DATA 


5.1  A  process  was  developed  for  fabricating  heat  shield  prepreg  materials  to 
.  elliptical  cylindrical  sections  that  produced  an  aerodynamically  smooth 
insulation  surface. 
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Table  I 


Thickness  Cured  Refrasil 
(inches) 

Bonded  to  Alunima 


Adhesive 

Used 

Adhesive 

thickness 

(Uncured) 

- - 

Refrasil 

Thickness 

(Uncured) 

Total  Thickness  of 
Bonded  and  Cured 
Refrasil  Heat  Shield 
(excluding  the  aetal) 

EC-3515 

* 

.057 

.0563 

AF-31 

.009 

.055 

.0510 

EC-2216 

* 

.055 

.0517 

AF- 126-2 

.015 

.053 

.0563 

FM- 123-5 

.011 

•055 

.0569 

FM-123-7 

.011 

.053 

.0563 

*  Paste  adhesives  applied  manually 


Fipira  0-2.  Bonded  I  mutation  Fabricated  With  and  Without  Silicone  Foam  Rubber 
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Fiaur*  0-6.  AF-31  Bonded  ImuUtion 


MISSILE  A  SPACE  SYSTEMS  DIVISION 
DOUGLAS  AIRCRAFT  COMPANY,  INC. 


title  thermal  analysis  of  refrasil 

PHENOLIC  PREPREG  AND  AF31  NITRUf 
ADHESIVE  FOR  UpSTAGE 


1.  MATERIALS 

1.1  C-lOO-96  Refrasil/ DP-24 -2  Phenolic  Resin 
Prepreg,  Lot  No.  9806 

Vendor  Material  Designation,  WB  2262/96 
Ferro-Cordo  Corp.,  Culver  City,  Calif. 

1.2  AF31  Film  Adhesive,  Batch  No.  22H 
DPM  3915,  STM  0030-03 

3-M  Company,  St.  Paul,  Minnesota 

2.  OBJECT 

To  perform  Thermogravimetric  Analysis  (TGA)  and 
Thermomechanical  Analysis  (TMA),  to  determine 
the  effect  of  temperature  on  Refrasil  Prepreg 
and  AF3I  Adhesive  to  be  used  for  UpSTAGE  heat 
shield  insulation. 


3.  PROCEDURES 


Incoming  quality  control  tests  to  determine  percent  resin  flow,  volatiles 
and  resin  solids  on  the  C -100-96  Refrasil/DP-24-2  were  conducted  per 
MRD  11247171-Cloth,  Impregnated-High  Silica  Phenolic,  Heavy-Weight. 

For  results  see  Table  1  (Prepreg  Physical  Properties). 


One  6"  x  6"  ply  of  C-lOO-96  Refrasil/DP-24-2  phenolic  resin  prepreg 
and  one  6"  x  6"  layer  of  AF31  film  adhesive  were  individually  placed  on 
a  .125"  thick  aluminum  caul-plate  using  polytetrafluoroethylene  as  a 
release  film.  A  28-gauge  iron-constantau  thermocouple  was  inserted 
between  the  single  ply  of  Refrasil  and  the  release  film,  one- inch  from 
one  corner,  to  monitor  part  temperature.  The  specimen  was  vacuum-bagged 
and  placed  in  an  autoclave  at  ambient  temperature.  The  autoclave  was 
purged  and  then  pressurized  with  nitrogen  to  50  psig.  The  autoclave 
controllers  were  then  set  to  give  a  300°F  part  temperature.  After  three 
-'urs  holding  time  at  300°  +  5°f,  the  temperature  controllers  were  turned 
off  and  the  part  cooled  to  ambient  while  maintaining  pressure. 
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3*3  Thermogravimetric  Analysis 

The  TGA's  of  AF3I  adhesive  in  argon  and  Refrasil  phenolic  prepreg 
in  argon  and  air  were  performed  on  a  DuPont  Model  950  Thermo- 
gravimetric  Analyzer.  A  Cahn  Mark  II  Time  Derivative  Computer 
was  used,  along  with  a  Mosley  Model  7001A  X-Y  Recorder,  to  obtain 
the  first  derivative  of  the  TGA  Thermogram.  This  mixed  system 
has  the  capability  of  producing  both  the  normal  TGA  curve  of  $ 
weight  loss  vs.  temperature,  and  the  first  derivative  of  the  weight 
loss  (or  rate  of  weight  loss)  vs.  temperature,  simultaneously. 

Thus,  a  peak  on  the  derivative  TGA  corresponds  to  the  point  of 
maximum  slope  on  the  normal  curve.  The  derivative  of  the  TGA 
Thermogram  magnifies  changes  in  the  weight  loss  curve  which  are 
easily  overlooked  in  the  conventional  mode. 

3.4  Thermomechanical  Analysis  (TMA) 

The  TMA's  of  AF31  adhesive  and  Refrasil  prepreg  were  performed  in 
argon  using  a  DuPont  Model  940  Thermomechanical  Analyzer.  The 
Cahn  Mark  II  and  Mosley  7001A  were  used  to  obtain  first  derivative 
of  the  dimensional  change  vs.  temperature. 

RESULTS 


4.1  The  TGA's  1088  and  1094  of  AF3I  show  that  two  small  weight  losses 
occur  in  the  temperature  ranges  of  75-175°C  (l67-347°F)  and  200- 
290°C  (392-554°F).  A  very  rapid  weight  loss  in  argon  begins  at 
about  340°C  (644°F). 

4.2  The  TMA's  736  of  AF3I  show  continual  shrinking  with  increasing 
temperature;  however,  the  rate  is  not  constant.  Beginning  at 
about  150°C  (302°F)  and  continuing  to  240°C  (464°F)  there  is  a 
noticeable  increase  in  the  rate  of  shrinkage.  During  decomposition 
the  material  undergoes  considerable  shrinkage. 

4.3  The  TGA's  1093  of  DP-24-2  in  argon  show  a  large  weight  loss  starting 
at  390°C  (734° F).  The  TGA's  1090  of  DP-24-2  in  air  show  a  large 
weight  loss  starting  at  3J0°C  (626°F). 

In  both  air  and  argon  the  phenolic  shows  a  weight  loss  between  200- 
300°C  (392-572°F). 

4.4  The  TMA's  735A,  727  and  737  in  argon  of  DP-24-2  show  a  softening 
between  150-250°C  (302-482°F).  Beginning  at  390°  C  (734°F)  rapid 
contractions  and  expansions  take  place,  due  to  bubbling  of  the 
phenolic . 

SIGNIFICANCE  OF  DATA 


5.1  The  AF31  in  the  temperature  range  of  75-240°C  (l67-464°F)  shrinks 
while  evolving  water  in  the  gas  phase  due  to  further  curing.  At 
340°C  (644°F)  total  decomposition  of  the  material  begins  with  rapid 
gas  evolution,  size  decrease,  and  charring. 
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5.2  The  DP-24-2,  with  a  60°C  (l40eF)  lover  oxidation  temperature  than 
inert  gas  decomposition  temperature,  burns  before  it  can  char. 

The  material  also  undergoes  further  curing  with  gas-phase  water 
evolution  in  the  temperature  range  of  150-300°C  (302-572°F). 

6.  REFERENCES 

s.o.  3859-6320 
EWO  11069 
S.A.  7014 
Case  Sheet  90327 

TGA  Run  No.  1088,  1090,  1093,  1094 
TMA  Run  No.  727,  735A,  736,  737 

TR  9940,  page  15;  TR  9940,  page  46  "Prepreg  Physicrl  Properties" 

TR  12071,  pages  2-7,  "Cure  of  Materials" . 
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TITLE  300®F  CURE  STUDIES  OF  C-100-96/DP2U-2  ASSIfiNIB  TO  R»  W.  Hunter.  A-255 

PREPREG  AND  AF31  Fill-!  ADHESIVE  FOR 

UpSTAGE  _ 


1.  MATERIAL 

1.1  C-100-96  Refrasil  High  Silica  Fabric/DP24-2 
Phenolic  Resin  Prepreg 

Vendor  Code:  WB2262/96 
Western  Backing 
Culver  City,  California 

1.2  AF31  Film  Adhesive  -  Nitrile  phenolic  adhesive 

Douglas  Specifications  DPM  3915  and  STM  0030-0*4 
Vendor  Lot :  22H 

3M  Company 

St.  Paul,  Minnesota 

?.  OBJECT 

2.1  To  determine  if  a  3  hour  cure  cycle  at  300°F  is  suff¬ 
icient  to  cure  the  C-100-96/DP2*4-2  prepreg  and 

AF31  adhesive. 

2.2  To  determine  if  a  3  hour  cure  cycle  at  300°F  will  cause 
degradation  in  the  mechanical  properties  of  the  C-100-96/DP2U-2  prepreg 
or  the  AF31  adhesive. 

3.  PROCEDURE 


3.1  Material  Quality  Control  Tests 

3.1.1  Prepreg  incoming  quality  control  tests  were  run  in  accordance  with 

the  requirements  of  the  procedure  in  MRD  112*47171,  "Cloth,  Impregnated-  j 
High  Silica,  Phenolic,  Heavyweight." 

3.1.2  Adhesive  incoming  quality  control  tests  were  run  in  accordance  with  I 

the  requirements  of  MMM-A-132,  Type  IV.  i 

3.2  Cure  Studies  a 

I 

3.2.1  Specimen  Preparation  - 

Rectangular  beams  approximately  3/8  inch  wide  by  1-1/2  inches  long  i| 

were  prepared  from  the  prepreg  and  adl  'sive  materials  as  follows:  * 
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3.2.1  (Cont'd) 

One  ply  prepreg  specimens  were  prepared.  All  specimens  were 
cut  with  the  same  orientation. 

AF31  adhesive  is  supplied  as  a  thin  calendered  film.  It  was 
necessary  to  laminate  plies  of  the  film  together  to  form  a 
sheet  of  adequate  thickness.  The  laminated  sheets  were  given 
a  short  press  pre-cure  (10  minutes  at  300°F  and  contact  pressure) 
prior  to  preparation  or  the  specimens.  The  pre-cure  was  found 
necessary  to  prevent  foaming  of  the  specimens  at  300°F.  The  pre¬ 
cure  time  was  included  in  the  final  cure  time  of  the  adhesive. 

3.2.2  Cure  Studies  - 

The  vibrating  reed  apparatus  (VRA)  was  used  to  monitor  the  300°F 
cure  cycles  of  the  AF31  adhesive  and  C-100-96/DP2U-2  prepreg. 

A  specimen  beam  was  clamped  onto  the  vibrating  reed  driving  rod 
in  the  VRA  chamber  and  its  room  temperature  resonance  characteris¬ 
tics  determined.  The  chamber  was  closed  and  heated  to  300°F  5°F 

(approximately  6  minutes).  The  resonance  characteristics  of  the 
specimen  beam  were  periodically  determined  until  the  3  hour 
cure  cycle  was  completed.  The  test  is  nondestructive  and  a 
complete  cure  cycle  can  be  monitored  with  a  single  specimen. 

The  resonance  frequency  characteristics  measured  during  the 
test  are  a  function  of  (1)  the  physical  measurements  and  specific 
gravity  of  the  specimen,  and  (2)  the  modulus  and  energy  absorption 
characteristics  of  the  material  used  to  fabricate  the  specimen. 
Since  the  modulus  and  energy  absorption  characteristics  are  a 
function  of  cure,  the  resonance  frequency  will  change  as  the  cure 
progresses.  Therefore,  the  VRA  can  be  used  to  monitor  cure  cycles. 

U.  RESULTS 

The  results  of  the  prepreg  quality  tests  are  contained  in  Table  I.  The 
adhesive  quality  control  test  data  are  contained  in  MP  Report  51,732.  The 
VRA  cure  data  are  contained  in  Figures  1  through  h. 

5.  SIGNIFICANCE  OF  DATA 


5.1  AF31  Adhesive 


The  adhesive  showed  very  little  change  in  properties  during  the  cure 
cycle,  and  in  room  temperature  properties  before  and  after  cure. 

The  cure  reaction  that  occurred  took  approximately  2  hours  (110  minutes). 

No  degradation  was  evident  after  3  hours.  The  modulus  increased  as  expected, 
as  the  temperature  dropped,  but  the  damping  factors  increased  indicating 
that  the  glass  transition  of  the  adhesive  is  at  or  near  room  temperature. 
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5.2  C- 100-96/ DP2U-2  Prepreg 

The  prepreg  vas  95^  cured  in  approximately  1  hour  as  indicated  by 
the  change  in  modulus  and  damping  factors,  but  the  modulus  had  leveled 
off  after  3  hours. 

6.  REFERENCES 
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TABLE  1 

PREPREG  PHYSICAL  PROPERTIES 


Material 

Date  of 

5  Resin 

5  Volatile 

?  Resin 

Description 

Test 

Flow 

Content 

Solids 

C-100-96/DP2U-2 

2-1U-69 

B 

5.1 

28.7 

Lot  No.  9806 

■ 

BkkBI 

WB  2262/96 

2 

5.1 

28.7  ~ 

_ 

11.8 

5.1 

29.2 

Average 

10.7 

5.1 

28.9 

C-100-96/DP2U-2 

10-30-69 

■ 

BBS 

IHMK 

31.2 

Lot  No.  9806 

2 

11.2 

30.  k 

WB  2262/96 

_L 

irr1 

3 

29.9 

Average 

11.5 

Hi 

30.5 
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LABORATORY  REPORT  CATALOG  HO.  PDL  104348 

SERIAL  Mfl-  MP  51,732 _ 

am  23  April  1970 

PLASMA  JET  SPECIMEN  PREPARATION  ASSIGNED  TO  k’P&. 


MATERIALS 

1.1  AF31  Film  Adhesive,  Batch  22H 
DPM  3915,  STM  0030-03 

3M  Company 

St.  Paul,  Minnesota 

1.2  EC  1459  Adhesive  Primer,  Batch  5B8P 
DPM  2131,  9020212 

3M  Company 

St.  Paul,  Minnesota 

1.3  C-100-96  Refrasil/DP24-2  Phenolic  Resin  Prepreg 
Lob  No.  9806 

Vendor  Designations:  WB  2262/96 
Ferro-Cordo  Corp.,  Culver  City,  Calif. 

1.4  HT-424  ,08  PSF  Film  Adhesive,  Batch  B-T377 
DPM  No.  2857,  9709014,  Type  I 

American  Cyan amid  Company 
Havre  de  Grace,  Maryland 

1.5  HT-424B  Adhesive  Primer,  Batch  105 
DPM  2978,  9709475 

American  Cyan amid  Company 
Havre  de  Grace,  Maryland 

1.6  Aluminum  Alloy  2024-T3  clad  .032  x  1  x  10  inches 

1.7  Aluminum  Alloy  2024-T3  clad  .020  x  1  x  10  inches 

1.8  Aluminum  Alloy  2014-T6  bare  .063  x  1  x  3  inches 

2.  OBJECTIVE 

The  proposed  method  of  insulating  the  UpSTAOE  airframe  involves  adhesive  bonding 
of  a  single  layer  of  phenolio  Refrasil  to  the  structure,  using  AF31  Film  Adhesive 
and  using  a  lay-up  and  curing  process  developed  farller  in  the  Program,  To 
confirm  the  thermal  and  mechanical  design  criteria  using  this  material  and 
process,  plasma  jet  test  specimens  vers  prepared  and  mechanical  strength  data 
vers  developed  for  AF31  Film  Adhesive. 
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2.  OBJECTIVE  (Cont’d) 

Hots:  During  the  plasma  jet  tests,  the  AF31  bondline  reached  a  higher 
temperature  than  that  predicted  and  the  adhesive  failed.  Afterwards,  the 
plasma  jet  test  was  repeated  (with  a  selected  specimen  configuration) 
substituting  HT-424  Film  Adhesive.  Ihe  HT-424  material  proved  to  be  satis¬ 
factory.  The  results  of  the  plasma  jet  tests  are  being  reported  by  the 
cognizant  design  group. 

3.  PROCEDURES 


3.1  Prepreg  Physical  Property  Tests 

Incoming  quality  control  to  determine  per  cent  resin  flow,  volatiles  and 
resin  solids  on  the  C-lOO-96  Refrasil  DP24-2  phenolic  resin  prepreg  was 
conducted  per  MRD  11247171  -  Cloth,  Impregnated-High  Silica  Phenolic, 
Heavyweight.  For  results,  see  Table  VII  (Prepreg  Physical  Properties). 

3-2  Specimen  Preparation  -  Quality  Control  AF-31  per  MW-A-132 

The  aluminum  specimens  were  prepared  for  bonding  per  IPOOO94,  Type  I  (hot 
etch).  The  aluminum  was  primed  with  EC-1459  (9020212)  and  air  gried 
30  minutes  at  room  temperature  followed  by  30  minutes  at  67  +  6  C  (170  +10  F). 
The  AF31  was  applied  gnd  the  lapshear  specimens  and  T-peel  specimens  were 
cured  one  hour  at  177°C  (350°F)  under  vacuum  and  50  psig  autoclave  pressure. 
Specimen  configuration  was  per  Federal  Test  Method  Standard  No.  175, 

Method  IO33.I  for  the  lap  shears  and  per  ASTW  1876  for  the  T-peels. 

3.3  Specimen  Preparation  -  Quality  Control  HT-424 

The  quality  control  specimens  were  fabricated,  cured  and  tgsted  per  above 
paragraph  3.2,  except  that  the  cure  was  for  3  hours  at  300  F. 

3.4  Specimen  Preparation  -  Mechanical  Properties  AF31 

Ihe  mechanical  property  specimens  were  prepared  per  the  design  constraints 
requiring  the  non-standard  cure  at  l49°C  (300°F)  rather  than  177°C  (350°F) 
and  grit  blast  surface  preparation.  Ihe  lower  cure  temperature  was  imposed 
to  stay  below  the  maximum  allowable  heat  which  could  be  tolerated  by  the 
2024-T6  aluminum  substructure  material.  Grit  blasting  was  required  Instead 
of  etching  to  eliminate  acid  residues  which  could  contaminate  the  substructure. 
Ihe  aluminum  wgs  primgd  and  dried  per  3.2  above.  Ihe  specimens  were  cured 
3  hours  at  149°  C  (300°F)  under  vacuum  and  at  50  psig  autoclave  pressure. 

Ihe  single  lap  shear  specimen  configuration  was  per  Federal  Test  Method 
Standard  No.  175  Method  1033. 1.  The  double  lap  shear  specimen  configuration 
was  per  Figure  1.  The  bell -peel  specimen  configuration  was  per  DLP  13.012. 

Note:  Mechanical  property  specimens  were  not  required  per  SA  7014  (Phase  I) 
for  HT-424  adhesive,  since  this  requirement  was  introduced  after 
completion  of  Phase  I. 
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3.5  Specimen  Preparation  -  Plasma  Jet  (AF31  Bonded) 

The  aluminum  substructure  vas  prepared  for  bonding  by  hand  sanding  with 
#4 00  grit  paper  and  followed  by  solvent  wiping,  per  1P00094  -  Type  IV. 

The  aluminum  vas  primed  with  EC  1439  (9020212)  and  air  dried  30  minutes 
at  room  temperature  followed  by  30  minutes  at  6j°C  (170°  +  10°P).  The 
AF31  film  adhesive  (MMM-A-132)  vas  applied  to  the  specimens  and  lightly 
heat  tacked  into  position  prior  to  application  of  the  Refrasil.  The 
Refrasil  vas  positioned  vith  the  fill  in  the  longitudinal  direction;  the 
specimens  were  bagged  (in  groups  of  four)  and  the  materials  were  cured 
3  hours  at  l49°C  (300°F)  under  vacuum  (25"  to  28"  Kg)  and  5°  psig  auto¬ 
clave  pressure.  The  plasma  jet  specimens  vere  fabricated  per  IT  36044b. 

See  figures  2,  3,  4,  5,  and  6. 

3.6  Specimen  Preparation  -  Plasma  Jet  (HT-424  Bonded) 

The  surfaces  vere  prepared  for  bonding  per  lP00094-Type  IV  similar 
to  those  of  paragraph  3.5  above.  The  aluminum  vas  primed  vith  HT-424B 
(9709475)  and  air  dried  3°  minutes  at  room  temperature  followed  by  30 
minutes  at  67  +  6°C  (170°  +  10°F).  The  0,08  pounds  per  square  foot 
HT-424  adhesive  film  (9709014-Type  I)  vas  applied  to  the  specimen,  the 
Refrasil  vas  positioned  and  the  specimens  vere  cured  per  paragraph  3.5 
above.  Three  plasma  Jet  specimens  vere  fabricated  per  the  -505  configuration 
(Figure  4). 

4.  TEST  METHODS 

The  single  shear  specimens  vere  tested  at  600  to  700  pounds  per  minute. 

The  T-peel  and  Bell -peel  specimens  vere  tested  at  3  inches  per  minute. 

The  elevated  temperature  specimens  vere  soaked  10  minutes  at  test  temperature 
in  a  convection  oven  and  tested  in  situ. 

5.  RESULTS 

5.1  The  thickness  of  the  cured  and  bonded  Refrasil  on  each  plasma  Jet  specimens 
appears  in  TSble  I. 

5.2  The  density  of  the  cured  Refrasil  vas  1.32  grams  per  cubic  centimeter. 

5.3  The  mechanical  strength  test  data  of  AP31  adhesive  are  tabulated  in 
Table  II,  III  and  IV.  The  quality  control  test  data  appear  in  Tables  V 
and  VI  for  the  AF31  and  HT-424  adhesives. 

6.  SIGNIFICANCE  OF  DATA 

6.1  The  overall  thickness  of  the  cured  insulation  on  the  plasma  jet  specimens 
vas  less  than  that  of  the  total  thickness  of  the  uncured  material  (consisting 
of  primer,  adhesive  and  B-stage  Refrasil).  The  B-stage  Refrasil  is  porous 
and  the  curing  process  allovs  the  adhesive  and  Refrasil  resins  to  intermix 
and  densify. 
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6.2  The  mechanical  strength  data  of  AF31  adhesive  is  representative  of  the 
process  originally  proposed  for  the  design  and  is  identical  to  that 
employed  in  producing  the  plasma  Jet  specimens.  Data  are  tabulated 

on  Tables  II,  III  and  IV.  These  data  indicate  that  AF31  adhesive  with 
EC-1459  primer  is  heat  stable  to  at  leaat  260°C  (500°F),  vhich  is  111°C 
(200  F)  above  the  predicted  glueline  temperature  originally  expected 
luring  the  plasma  Jet  tests. 

6.3  The  HTU24  quality  control  data  recorded  in  Table  VI  exceeds  the  2250  psi 
lapshear  strength  requirements  of  Specification  9709014  at  room  temperature. 
No  specification  requirement  exists  for  aluminum  lapshear  specimens  (grit 
blasted  surface  preparation)  when  tested  at  260°C  (500°F).  Additional 
HT42U  adhesive  mechanical  test  data  and  thermal  property  test  data  were 

not  run,  because  they  had  been  generated  for  prior  missile  and  space 
projects  like  Zeus,  Spartan  and  Saturn. 
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TABLE  I 

Thickness  of  Cured  Refrasil 
Plus  Cured  Adhesive 

AF31/EC  1L59 


Specimen 

Number 

Overall  Average 
Thickness  (Inches) 

501-2 

.01*8 

505-1 

.061 

505-2 

.061  ’ 

507-1 

.060 

509-1 

.055 

509-2 

.055 

Thickness  of  Cured  Refrasil 
Pius  Cured  Adhesive 


HTl.?li/UTl»2Lb 


Specimen 

Overall  Average 

Number 

Thickness  (Inches) 

505-1+ 

•  C53 

505-5 

.C51 

505-7 

.050 
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TABLE  II 
AF31/EC1,»59 

Mechanical  Properties  Data 
(Grit  Blast  Surface  Preparation) 

Lap  Shear  at  Ambient  Temperature 


Specimen 

Type 

Load 

Lap 

Stress 

Failure 

No. 

Lap 

Pound 8 

Inches 

nsi 

1 

Single 

1500 

.48 

3120 

Primer/Metal 

2 

1 

1502 

.48 

3125 

Primer/Metal 

3 

1502 

.48 

3125 

Primer/Metal 

4 

Single 

1450 

.48 

3020 

Primer/Metal 

5 

3.425 

.48 

2970 

Primer/Metal 

6 

1585 

.48 

3300 

Primer/Metal 

7 

Single 

1500 

.48 

3120 

Primer/Metal 

8 

Single 

1470 

.48 

3060 

Primer/Metal 

9 

Single 

1570 

.48 

3270 

Primer/Metal 

10 

Single 

1525 

.48 

3180 

Primer/Metal 

Average 

3129 

11 

Double 

343.0 

.48 

3550 

Primer/Metal 

12 

Double 

3530 

.48 

3680 

Primer/Metal 

13 

Double 

3412 

.48 

3550 

Primer/Metal 

14 

Double 

3490 

.48 

3640 

Primer/Metal 

15 

Double 

3555 

.48 

3700 

Primer/Metal 

16 

Double 

3490 

.48 

3640 

Primer/Metal 

17 

Double 

3585 

.48 

3740 

Primer/Metal 

18 

Double 

3600 

.48 

3755 

Primer /Metal 

19 

Double 

3630 

.48 

3780 

Primer/Metal 

20 

Double 

3320 

.48 

3460 

Primer/Metal 

Average 

3650 

1 

j 

. 
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TABLE  HI 
AF31/EC1U59 

Mechanical  Properties  Data 
(Grit  Blast  Surface  Preparation) 

Lap  Shear  at  260*C  (500*F) 


1  Specimen 

Type  ?  Load 

Lap 

Stress 

Failure 

)  No. 

Lap  i  Pounds 

psi 

! 

1  21 

- — - 1 

Single  |  250 

520 

Primer/Metal 

22 

Single 

232 

.48 

483 

Primer/Metal 

23 

Single 

249 

.48 

519 

Primer/Metal 

24 

Single 

258 

.1*8 

537 

Primer/Metal 

25 

Single 

245 

.48 

510 

Primer/Metal 

26 

Single 

286 

48 

596 

Primer/Metal 

27 

Single 

250 

.48 

520 

Primer/Metal 

28 

Single 

26l 

.48 

543 

Primer/Metal 

29 

Single 

273 

.1*8 

568 

Primer/Metal 

30 

Single 

252 

.48 

525 

Primer/Metal 

31 

Double 

364 

.1*8 

«* 

Primer/Metal 

32 

Double 

510 

.48 

532 

Primer/Metal 

33 

Double 

751 

.48 

784 

Primer/Metal 

34 

Double 

525 

.48 

546 

Primer/Metal 

35 

Double 

438 

.48 

456 

Primer/Metal 

36 

Double 

590 

.48 

615 

Primer/Metal 

37 

Double 

668 

.48 

696 

Primer/Metal 

38 

Double 

620 

.48 

646 

Primer/Metal 

39 

Double 

61*0 

.48 

629 

Primer/Metal 

1*0 

Double 

5  66 

.48 

590 

Primer/Metal 

Average  610 

**  Outlier  at  approximately  9 0 %  confidence  level  and  not  included 
in  average 
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TABLE  IV 
AF31/EC1459 

Mechanical  Properties  Data 
(Grit  Blast  Surface  Preparation) 

Bell-Peel  (.063  to  .020  Metal) 


Ambient  Temperature 


Specimen 

No. 

Load 

Pounds  Per  Inch 

Failure 

1 

14 

Primer  to  .020  Metal 

2 

16 

Primer  to  .020  Metal 

3 

15 

Primer  to  .020  Metal 

4 

16 

Primer  to  .020  Metal 

5 

17 

Primer  to  .020  Metal 

6 

14 

Primer  to  .020  Metal 

7 

17 

Primer  to  .020  Metal 

8 

16 

Primer  to  .020  Metal 

9 

l6 

Primer  to  .020  Metal 

10 

16 

Primer  to  .020  Metal 

Average  l6 
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TABLE  V 


Quality  Control  Data 
(Hot  Etch  Surface  Preparation) 

AF  31  22H  Adhesive 
EC  1459  5B8P  Primer 


Single  Lap  Shear 


Test 

Temp. 

Load 

Pounds 

Overlap 

Inches 

■m 

Failure 

R.T. 

1800 

.1*8 

mmm 

a 

2260 

.1*8 

4708 

Cohesive 

2200 

.48 

4583 

Cohesive 

2340 

.48 

4875 

Cohesive 

2015 

.48 

4198 

Cohesive 

Avt 

srage  •  4591 

+260*C 

500 

.48 

1042 

Primer  to  Metal 

(500 #f) 

580 

.1*6 

1208 

Primer  to  Metal 

605 

.1*6 

1260 

Primer  to  Metal 

595 

.48 

1240 

Primer  to  Metal 

560 

.48 

1167 

Primer  to  Metal 

Ave 

rage  1183 

T-Peel 


Failure 

R.T. 

25 

Cohealve 

25 

Cohesive 

26 

Cohesive 

21 

Cohesive 

24 

Cohesive 

Avi 

•raae  24 

i  *  Metal  failura  vhen  pinhole  failed  in  bearing 
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TABLE  VI 


Quality  Control  Data 
(Grit  Blast  Surface  Preparation) 

HT-424  .08  PSF  Batch  B7377 

HT-424B  Primer  Batch  105 


Single  Lap  Shear 


Test 

Temp. 

Load 

Pounds 

Overlap 

Inches 

mmm 

Failure 

R.T. 

' 

1415 

0.50 

2830 

100#  Cohesive 

1430 

0.50 

2860 

100#  Cohesive 

1460 

0.50 

2920 

100#  Cohesive 

1395 

0.50 

2790 

100#  Cohesive 

1405 

0.50 

2810 

100#  Cohesive 

Ave 

rage  2842 

mm 

460 

0.50 

920 

100#  Cohesive 

490 

0.50 

980 

100#  Cohesive 

■Migl 

482 

0.50 

964 

100#  Cohesive 

500 

0.50 

100#  Cohesive 

407 

0.50 

100#  Cohesive 

■ 

Ave 

rage  936 
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TABLE  VII 


Prepreg  Physical  Propertlea 


Date  of 
Teat 

%  Resin 
Flow 

%  Volatile 
Content 

$  Resin 
Solid a 

IO-3O-69 

11.7 

■Q8H 

31.2 

11.2 

30.4 

11.6 

29.9 

— 

— 

Average 


11.5 


30.5 


Figure  4.  Plasma  Jat  lp*wiman-W0 
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TITLE  BONDING  REFRASIL  PREPREG  TO  ASSIGNED  TO  G*  P.  Shepherd,  A-293 

ALUMINUM  USING  HT-424  ADHESIVE 

FOR  UpSTAGE  - 


1.  MATERIAL 

1.1  C-lOO-96  Refrasil/DP24-2  Phenolic 
Resin  Prepreg 

Lot  No.  9806 

Vendor  Material  Designation:  WB2239/96 
Ferro  Corp, ,  Cordo  Division 
Culver  City,  California 

1.2  HT-424  Epoxy- Phenolic  Film  Adhesive,  0.08  lb/ft2 
Batch  7377,  DPM  2857,  STM  0019-01 

1.3  HT-424B  Epoxy-Phenolic  Primer 
Batch  105,  DPM  2978 

1.4  Hi  Shrink  Tape,  DPM  3l4l 

2.  OBJECT 

To  develop  a  method  of  bonding  C-100-96  Refrasil 
prepreg  to  aluminum  with  HT-424  Film  Adhesive 
for  the  UpSTAGE  Program. 

3.  INTRODUCTION 


The  failure  of  the  plasma  Jet  specimens  (a  single  layer  of  .050  inch  thick 
Refrasil  bonded  to  an  aluminum  substrate  using  AF31  adhesive)  during  the 
high  temperature  testing  environment  (4000°F)  necessitated  a  change  to 
HT-424  epoxy-phenolic  adhesive.  Standard  methods  of  simultaneously  curing 
the  Refrasil  prepreg  and  the  HT-424  adhesive  to  a  large  area  of  aluminum 
substructure  resulted  in  large  unbonded  areas  and  wrinkles  in  the  Refrasil 
probably  due  to  the  outgassing  characteristics  of  the  adhesive  during  the 
cure.  Modified  bagging  and  curing  techniques  were  required  to  overcome 
these  problems. 


4.  PROCEDURE 

4.1  Surface  Preparation  (All  Specimens) 

4.1,1  The  aluminum  surfaces  were  washed  twice  with  methyl  ethyl  ketone 
and  then  air  dried  for  30  minutes. 
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U.1.2  The  aluminum  faying  surfaces  were  grit  blasted  with  #80 
aluminum  oxide  grit. 

*.1.3  The  aluminum  was  primed  with  HT-*2*B  primer.  The  primer  was  air- 
dried  for  30  minutes  at  ambient  temperature  followed  by  a  1  hour 
exposure  at  82°C  (l80°F)  in  an  oven. 

U .2  Specimen  Preparation 

The  adhesive,  Refrasil,  and  bleeder  were  placed  on  0.125"  x  12"  x  12" 
aluminum  panels  and  7  inch  diameter  x  9  inch  long  aluminum  cylinders  in 
the  following  sequence. 

U.2.1  Standard  Lay-up  Procedure  - 

(a)  One  ply  of  0.08  lb/ft2  HT-*2*  adhesive  film 

(b)  One  ply  of  C-lOO-96  Refrasil  prepreg 

(c)  Three  plies  of  silicone  treated  fabric  for  release 

(d)  Two  plies  of  1581*  glass  cloth  for  bleeder 

(e)  Vacuum  bag 

*.2.2  Modified  Lay-up  Procedure  No.  1  - 

(a)  One  ply  of  0.06  lb/ft2  HT-*2*  adhesive  film 

(b)  One  ply  of  C-lOO-96  Refrasil  prepreg 

(c)  One  ply  of  perforated  Armalon 

(d)  Eight  plies  of  1581*  glass  cloth  for  bleeder 

(e)  Vacuum  bag 

*.2.3  Modified  Lay-up  Procedure  No.  2  - 

Same  as  No.  1  above  except  1/2  inch  thick  silicone  rubber  foam 
was  placed  between  the  bleeder  and  the  vacuum  bag. 

*.2.*  Modified  Lay-up  Procedure  No.  3  - 

(a)  One  ply  of  0.08  lb/ft2  HT-*2*  adhesive  film 

(b)  One  ply  of  C-lOO-96  Refrasil  prepreg 

(c)  One  ply  of  perforated  Armalon 

(d)  One  complete  wrap  of  perforated  shrink  tape  (DPM  31*1) 
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k.2.h  Modified  Lay-Up  Procedure  Ho.  3  (Cont'd) 

(e)  Eight  plies  of  158b  glass  cloth  for  bleeder 

(f)  One  cosiplete  wrap  of  shrink  tape 

(g)  Vacuum  bag 
b.3  Specimen  Cure 

The  specimens  were  then  cured  for  three  hours  at  1**9°C  (300°F)  under 
vacuum  and  50  psig  in  an  autoclave.  They  were  then  cooled  to  66°C  (150°F) 
under  vacuum  and  pressure. 

5.  RESULTS 

Using  the  manual  sonic  technique  large  unbonded  areas  were  found  in  the 
specimens  fabricated  using  the  standard  method  of  bonding. 

Using  Procedure  No.  1,  with  the  increase  in  the  number  of  bleeder  plies, 
successfully  removed  the  gases  producing  a  complete  bond.  However.  thiB 
method  created  wrinkles  in  the  Refrasil  surface. 

Methoa  No.  2,  by  the  inclusion  of  silicone  rubber  foam  during  the  lay-up, 
wrinkles  were  reduced  in  size  and  number  but  were  still  unacceptable. 

Method  No.  3V  by  using  shrink  tape,  reduced  the  wrinkles  to  an  acceptable 
level.  No  unbonds  were  detected. 

6.  SIGNIFICANCE  OF  DATA 

Method  No,  3  was  the  most  successful  and  will  be  used  for  bonding  Refrasil 
to  the  UpSTAGE  structure. 
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tnu  EVALUATION  OF  WARE!  GAS  MA5IIF0LD  LIIER 
.  MATERIALS 


ASSIGNED  TO  .  /-■  *b<-vul._Azg6 


1.  MATERIALS 

1.1  Mil  lab  1-3  Rubbers 

1.1.1  K-1255  t-Ulcona  Rubber 

Union  Carbide  Silicones  Division 

1.1.2  K-13>*7  Sllicor.e  Rubber 

Union  Carbide  Silicones  Division 

1.1.3  Silastic  5?  Silicone  Rubber 
Dow  Cor uing  Corporation 

1.1.1*  Silastic  ’5  Silicone  Rubber 
Po'j  C.<",~r  ;r."  Covrorntlon 

1.1.5  SS-2265-2021*!,'  Silicone  Rubber 
General  F.lcctric  -  Silicones  Division 

1.8  Castable  Rubbers 

1.2.1  RTV-GjO  Silicone  Rubber 

General  Electric  -  Siliconee  Division 

1.2.2  T5S-T50  Silicone  Rubber 

General  Electric  -  Silicones  Division 

1.2.3  DC-93-C1*1*  Silicone  Rubber 
Dow  Cornlnc  Corporation 

1.2.K  DC-20-103-2  Silicone  Rubber 
Dow  Corning  Corporation 

1.2.5  RTV-60  Silicone  Adhesive  Sealant 
General  Electric  -  Siliconee  Division 

1.2.6  IC-731  Silicone  Adhesive  Sealant 
Dow  Cornlr.e  Corporation 

1.3  Metal  Adhcrton  Primer 

1.3.1  SS-)*1?5  Silicone  PrUer 

General  Electric  -  Sflleones  Division 
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1.3.2  Thixon  AM-2  Nitrile  Rubber  Primer 
Dayton  Chemical  Products  Co. 

1.3.3  Epon  934  Epoxy  Primer/ Adhesive 
Shell  Chemical  Co. 

1.4  Control  Materials 

1.4.1  TFE  Teflon  1 

E.I.  duPcnt  deNemours  Co.  -  Plastics  Division 

1.4.2  V-44  Nitrile  Rubber  Ablative  Insulation 
General  Tire  and  Rubber  Co. 

l.J  Miscellaneous  Materials 


1*5.1  Aeroder  Specimen  Mounting  Plates  -  1025  Steel  6-l/2"xl"x.062H 


I.5.2  Heat  Transfer  Gas  -  Dry  Nitrogen 


2.  OBJECT 


Hie  object  of  these  tests  was  to  compare  the  physical  properties  ar.d  the 
thermal  insulating  characteristics  of  selected  millable  and  castable 
silicone  rubbers  proposed  for  insulating  the  interior  of  the  varm  gas 
manifolds  of  the  EB  and  JI  propulsion  systems. 

3.  PROCEDURE 


3.1  Preparation  of  Test  Insulating  Materialo 

3-1.1  Millable  Rubbers  -  The  rubbers  vere  catalyzed  on  the  two  roll  rubber 
mill  in  accordance  with  the  formulae  shown  in  Table  1,  and  then  cured 
in  a  6"x6"x.050"  mold  to  the  schedule  prescribed  by  the  manufacturer. 
The  press  cure  molded  sheets  vere  given  an  oven  post  cure  as  recom¬ 
mended  by  the  manufacturer. 

3.1.2  Castable  Rubbers  -  The  rubbers  vere  hand  mixed  in  a  suitable  container 
in  accordance  vlth  the  formulae  shown  in  Table  2,  degassed,  and  cast 
into  sheets  approximately  .045"  thick  between  glass  plates  using 
spacers.  All  materials  vere  cured  at  room  temperature  with  no  oven 
post  cure. 

TABLE  1  .  . 

FORMULAE  FOR  MILLABLE  RUBBERS 

K-1255  K-13fr7  Silastic  53  Silastic  75 

Polymer,  pt«/vt  106  '  iOO  100  106 

tupcrco,  CtiT  pta/wt  0.7  1.5  l.J  , 

Varox,  pto/vt  -  -  1,2 

(l)  Compound  supplied  already  catalyzed  by  supplier 
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TABLE  2 


FORMULAE  FOR  CASTABLE  RUBBERS 


.  3  V 

RTV-6?0 

TBS-758 

DC-93-044 

DC-20-103-2 

Polymer,  pts/vt 

100 

100 

100 

100 

Catalyst,  pts/vt 

10 

10 

*  10 

10 

3.2  Preparation  of  Asroder  Specimens 

Tlio  6rl/S"r.l"x.062"  steel  mounting  plates  vere  vapor  degreased  and 
grit  blasted  before  bonding  the  test  insulation.  Specimens  bonded 
vith  RTV-60  vere  made  vith  metal  mounting  plates  primed  with  SS-4155 
primer  to  assure  good  adhesion  between  the  adhesive  and  the  metai. 

No  primer  was  used,  or  needed,  to  obtain  adhesion  to  the  metal 
mounting  plate  vith  the  DC-731  adhesive.  The  adhesive  vas  applied 
to  both  the  rubber  and  metal  surfaces  and  then  the  spdcinsn  vas 
assembled  and  loaded  vith  a  light  weight.  Specimens  bonoed  with 
DC-731  were  exposed  to  the  atmosphere  for  five  minutes  prior  to 
assembly.  This  procedure  vas  required  to  provide  sufficient  moisture 
from  the  air  to  activate  thn  eatalvst  (acetic  anhydride)  in  the 
adhesive.  All  bonding  vas  performed  at  room  temperature.  F-'nclly, 
an  iron- cons tantan  thermocouple  was  spot  welded  to  the .backside  of 
the  metal  plate  so  that  the  backside  temperature  rise  could  be 
measured  when  the  specimens  vere  exposed  during  the  Aerocer  test. 
Control  specimens  vere  bonded  to  the  mounting  plates  vith  adhesives 
suitable  for  each  particular  material.  Thixon  AM-2  vas  used  to 
bond  the  V-44  specimen  to  the  mounting  plate  at  the  same  time  the 
V-44  vas  cured.  Bonding  of  tie  Teflon  control  to  the  mounting  plate 
vas  accomplished  by  bondizir.g  the  surface  of  the  Teflon  and  cementing 
to  the  mounting  plate  vith  Epon  934. 

3.3  Test  Procedures 

3.3*1  Stress/strain  data  vere  determined  in  accordance  vith  ASTM  D-412-66. 

3.3*2  Hardness  vas  determined  in  accordance  vith  ASTM  D-2240-64T. 

3*3*3  Aeroder  testing  vas  performed  in  accordance  vith  DLP  13,474. 

4.  RESULTS 

Results  are  presented  in  Tables  3  and  4  and  Figures  I' and  2. 

5.  SICHIFICAHC3  OF  DATA 


5  * 1  .Strerr/Strain  Properties 

Analysis  of  tb«  n’t."  ir  3  indicator  the  r.illablc  rubber;-  have 

higher  tensile  strength  onn  {-Tenter  elongntl on  than  the  castable 
.  rubbers.  Of  there  rubbers,  Silastic  55  and  75  have  the  highest 
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tensile  and  elongation.  Those  properties  are  iirportant  considerations 
vhen  inserting  and  bonding  the  insulation  to  the  interior  of  the  EB 
warm  gas  manifold. 

• 

RTV-63O  and  TBS-758  have  the  highest  tensile  values  of  the  castable 
types  with  RTV-63O  possessing  the  greatest  percent  elongation.  RTV-63O 
has  the  lowest  uncured  viscosity  and  is  best  suited  for  injection 
casting  of  insulation  for  the  interior  of  J1  warm  gas  manifold 
hardware . 

5.2  Thermodynamic  Properties 

Aeroder  test  data  are  shown  in  Table  4.  The  d3ta  of  test  numbers 
3428  through  3^31  are  not  believed  valid  because  of  difficulties 
experienced  with  instrumentation  but  are  included  In  this  report  to 
illustrate  the  importance  and  sensitivity  of  the  instrumentation  used 
to  measure  and  control  test  parameters.  Particular  difficulty  experienced 
in  these  four  runs  was  because  of  a  delay  in  the  response  of  the 
Speedcmax  Recorder.  Also,  the  top  bed  temperature  did  not  appear 
stabilized.  The  following  observations  can  be  made: 

5-2.1  With  the  exception  of  the  C2-2365-2-2024N  compound,  all  silicone 
materials  exhibited  lower  backside  temperature  rise  ana  ablation 
rate  than  the  V-44  control  material. 

5.2.2  With  the  exception  of  the  G2-2365-2-2024N  compound,  all  silicone 
materials  exhibited  lover  br,kside  temperature  rise  than  the 

Teflon  control  although  the  thickness  of  the  Teflon  was  approximately 
3-1/2  times  greater.  The  duretion  of  the  test  was  increased  in  order 
to  compensate  for  this  thickness. 

5.2.3  Generally,  materials  with  thelowest  ablation  rate  denonstraoed  the 
highest  backside  temperature  rise.  This  is  especially  evident  for 
the  GE-2365-2-2024H  system.  However,  the  V-44  control  exhibited 
both  high  ablation  rate  and  backside  temperature  rise. 

5.2.4  Weight  loss  is  not  an  accurate  means  of  determining  the  value  of  a 
material  as  a  thermal  insulation  for  this  application.  The  specific 
gravity  cf  the  materials  varies  greatly  so  a  high  specific  gravity 
material  might  shew  a  high  weight  loss  and  a  low  specific  gr& 
material  shows  a  low  weight  loss.  This  is  demonstrated  when 
comparing  the  data  of  the  EC-20- 103  2  and  K-1255  systems.  The 
ablation  rate  for  these  two  materials  is  identical  although  the 
backside  temperature  rise  for  the  K-1255  Is  lower.  For  this 
application,  the  K-1255  is  considered  the  preferred  material. 

5.2.5  The  depth  of  oblation  obtained  with  these  materials  indicates  that 
the  specimens  might  be  reduced  In  thickness  and  still  perform 
satisfactorily  under  thu  conditions  of  the  test.  In  these  toots, 
temperatures  approached  those  expected  in  ectual  application. 
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However,  the  pressure  of  the  gas,  the  particle  content  and  the 
composition  were  quite  different.  It  appears  prudent  to  continue 
•  with  the  selected  insulation  thickness  (0.40"  for  the  E3  and  O.9O" 

for  the  JI  concepts)  until  other  data  are  obtained  to  Indicate  a 
reduction  in  insulation  thickness  nay  be  feasible. 

5.2.6  The  backside  temperature  rise  with  all  of  these  materials  is 
considered  relatively  moderate.  A  far  greater  temperature  rise 
can  probably  be  tolerated  before  design  limits  of  the  manifold, 
metal  are  exceeded.  With  this  possibility  in  mind,  depth  of 
erosion  night  be  s  more  realistic  criteria  for  selection  of  the 
insulation  since  a  thinner  section  night  me  sufficient  to  meet 
design  requirements.  In  this  manner,  a  weight  saving  may  be 
realized. 

5.2.7  From  a  review  of  the  backside  temperature  rise  data,  the  Silastic 
55  system  appears  to  be  the  preferred  material  for  the  EB  configur¬ 
ation.  For  the  JI  configuration,  which  requires  a  castable 
material  suitable  for  injection  molding,  the  RTV-630  system  is 
preferred, 

5.2.7  Based  cn  backside  temperature  rise,  'the  test  results  indicate  the 

effectiveness  of  the  materials,  on  a  declining  scale,  to  oe  as  fellers: 
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HERCULES  HiBEX-U  MOTOR 


The  HiBEX  motor  which  was  developed  under  the  ARPA  HiBEX  program 
(Contract  No.  DA-01-021- AMC-  10696Z)  was  used  with  some  modifications 
on  the  UpSTAGE  Experiment  program.  The  modifications  included  design 
changes  to  the  nozzle  by  removing  the  TVC  hardware,  thus  lightening  the 
weight  by  approximately  3  0  lb;  incorporation  of  safety  improvements  in  the 
igniter;  and  use  of  a  liquid  carrier  heptane  as  a  casting- power  processing  aid. 

Hercules  manufactured  15,  500  lb  of  new  FDN-80  casting  powder  which  was 
blended  with  6,  500  lb  powder  from  the  ARPA  HiBEX  program.  Hercules  also 
manufactured  additional  motor  cases,  propellant  grains,  nozzles,  igniters, 
and  sundry  components,  as  well  as  statically  testing  various  components. 

The  rocket  motor  assembly  (see  Figure  F-l)  consists  of  three  major  com¬ 
ponents:  the  loaded  case  assembly,  the  nozzle  and  closure  assembly,  and 
the  igniter  loaded  assembly. 

The  loaded  case  assembly  is  made  up  of  a  conical  fiber  glass  case  with 
fiber  glass  skirts  ex"  nhng  fore  and  aft,  terminating  in  aluminum  skirt  attach¬ 
ment  rings.  The  case  contains  FDN-80  composite- modified  double-base  pro¬ 
pellant  in  a  sing’e • perforated,  11-point  star  configuration.  The  propellant  is 
bonded  to  the  case  with  a  bimodal  powder  embedment  case  bond  system.  The 
propellant- base  burn  rate  is  increased  by  the  use  of  zirconium  staples  in  the 
casting  powder  which  are  randomly  dispersed  throughout  the  propellant  mass. 
The  case  is  internally  protected  from  the  high- temperature  combustion  gases 
at  the  forward  end  (igniter  end)  and  at  the  aft  end. 
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HiBEX  Rocket  Motor  Assembly 


An  aluminum  forward  pole  piece,  which  is  an  integral  part  of  the  fiber  glass 
case,  houses  a  pyrotechnic  igniter  assembly  containing  a  6.5-lb  boron/ 
potassium  nitrate  pellet  ignition  charge.  The  igniter  assembly  consists  of  a 
concave  aluminum  pressure  plate,  which  seals  the  forward  port  opening,  and 
a  stainless  steel  primary  tube  surrounded  by  a  stainless  steel  wire-mesh 
secondary  annular  basket,  both  of  which  contain  the  pellet  charge.  The  igniter 
has  an  electrical  circuit,  including  two  electr*c  squibs  and  a  safe-and-arm 
mechanism. 

An  aluminum  aft  pole  piece,  which  is  an  integral  part  of  the  fiber  glass  case, 
provides  for  attachment  of  the  nozzle  and  closure  assembly.  The  nozzle  and 
closure  assembly  consists  of  an  aluminum  structural  conical  shell,  a 
compression-molded  carbon- phenolic  tape- wrapped  exit  cone  liner,  an 
asbestos-phenolic  throat  insert,  and  a  two-piece  cellular  polystyrene  nozzle 
closure. 

F.  1  LOADED  CASE  ASSEMBLY 

The  loaded  case  assembly  consists  of  the  case  subassembly,  the  propellant 
grain,  a  hot  gas  seal,  and  miscellaneous  components.  The  conical  fibf  r  glass 
case,  with  metal  skirt  attachment  (splice)  rings  and  adapters,  contains 
FDN-80  propellant.  The  loaded  case  is  manufactured  and  shipped  separately 
from  the  igniter  and  nozzle  since  additional  subassemblies  of  the  UpSTAGE 
vehicle  are  integrated  with  these  components  during  booster  stage  buildup. 

F.  1.  1  Case 

The  case  ii  a  truncated  cone  86.62  inches  long,  having  a  32.  984- inch  diameter 
at  the  aft  splice  ring  and  a  20.  87- inch  diameter  at  the  forward  splice  ring. 

The  case  is  divided  into  two  main  structural  sections,  the  skirts  and  the  pres¬ 
sure  vessel.  The  pressure  vessel  has  port  openings  in  the  center  of  each 
dome.  Aluminum  adapters  are  located  at  each  port.  The  forward  adapter 
accommodates  an  igniter,  and  the  aft  adapter  accommodates  a  nozzle  in  the 
loaded  motor  assembly.  The  forward  and  aft  domes  of  the  pressure  vessel 
are  internally  insulated  to  protect  the  case  from  propellant  combustion.  The 
conical  section  is  protected  with  propellant  during  motor  operation  and  there¬ 
fore  requires  no  insulation.  The  inert  slivers  are  placed  longitudinally  in  the 
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conical  section  of  the  case  to  provide  desired  baPistic  parameters.  Splice 
rings  have  been  riveted  at  the  end  of  each  skirt  to  provide  attachments  to 
adjacent  missile  sections. 

F.  1.  1.  1  Adpaters 

At  the  two  polar  openings  of  the  case,  metal  adapters  (7075T652  aluminum 
forgings)  are  wound  into  each  dome.  The  forward  adapter  accommodates  the 
igniter,  and  the  aft  provides  attachment  for  the  nozzle.  The  adapters  are 
also  used  during  propellant  manufacturing.  The  forward  adapter  provides 
access  to  the  case  interior  for  propellant  casting  and  machining  while  the  aft 
adapter  is  used  to  align  and  hold  the  core  tooling. 

F.  1 .  1 . 2  Insulators 

The  forward  and  aft  domes  and  adapters  are  protected  from  propellant  com¬ 
bustion  gases  by  insulating  material.  The  aft  dome  is  co\  ered  by  asbestoc- 
filled  styrene  butadiene  rubber  (SBR)  in  conjunction  with  a  ring  of 
asbestos- phenolic  adjacent  to  the  nozzle  entrance.  The  forward  dome  is 
protected  from  the  combustion  gases  by  silica- filled  SBR.  No  rubber  insula¬ 
tion  was  provided  for  the  tapered  conical  chamber  section  since  it  is  protected 
b/  the  propellant  grain  dur;ng  motor  operation. 

F.  1.  1.3  Pressure  Vessel  and  Skirts 

The  fiber  glass  portion  of  the  case  consists  of  two  main  sections,  the  oressure 
vessel  and  the  skirts.  The  pressure  vessel  is  an  orthotropic  structur  >  fabri¬ 
cated  from  continuous  glass  filaments  bonded  with  ERL-2256  resin  and 
m-phenylene- diamine  (CL)  hardener.  The  vessel  has  a  nominal  burst  oressure 
of  4,  020  psig.  The  pressure- vessel  center  section  has  a  conical  shape  with 
approximately  a  *i-deg  taper.  The  domes  are  basically  geodesic  ovaloids  ,/ith 
deviations  from  t  ie  theoretical  to  account  for  unequal  polar  openings  ai  d  con 
ical  shape  and  to  acilitate  winding.  The  conical  section  is  fabricated  rom 
helical  and  hoop  windings.  There  are  17  helical  layers;  the  number  ol  hoop 
layers,  varied  along  the  case  to  maintain  a  relatively  constant  hoop  filiment 
stress,  ranges  from  20  at  the  aft  major  diameter  to  14  at  the  forward  tangent. 
The  transitions  between  the  conical  section  and  the  aft  dome  are  reinforced 
with  five  layers  of  fiber  glass  mat.  The  mats  are  dispersed  through  the  case 
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wall  thickness  and  staggered  radially  and  axially  to  prevent  large 
discontinuities  at  the  mat  edges.  The  mat  system  is  required  to  reinforce 
the  area  affected  by  bending  discontinuities  that  are  caused  by  the  juncture 
of  the  dome  to  the  conical  section  and  the  juncture  of  the  skirts. 

The  skirts  are  also  orthotropic  structures  fabricated  from  continuous  glass 
filaments  and  glass  cloth  bonded  with  ERL- 2256  resin  and  m-phenylene- 
diamine  (CL)  hardener.  The  skirts  are  fabricated  by  alternating  layers  of 
glass  cloth  and  hoop  windings. 

F.  1.  1.4  Splice  Rings 

The  splice  (skirt  attachment)  rings  are  used  to  connect  the  rocket  motor 
through  the  skirts  with  adjacent  missile  sections.  These  rings  are  fabricated 
from  2014- T652  aluminum  rolled  ring  forgings  and  are  potted  in  place  with  a 
high- modulus  resin  (Epon  901  Bl).  Final  structural  attachment  to  the  stub  is 
made  with  aluminum  rivets. 

F.  1 .  1 .  5  Inert  Sliver 

The  inert  sliver  is  a  lightweight  component  bonded  to  the  inside  conical  wall 
of  the  rocket  motor  case  in  line  with  each  propellant  star  point.  The  purpose 
of  the  sliver  is  to  replace  heavier  propellant  that  remains  after  the  desired 
burn  time  and  to  produce  more  desirable  pressure  tailoff  results.  The  inert 
sliver  does  not  account  for  all  of  the  propellant  sliver.  The  previous  HiBEX 
program  picked  up  additional  impulse  by  allowing  some  propellant  sli  *  r. 
Eleven  slivers  weighing  25.  6  lb  (total)  replace  54.8  lb  of  unusable  pi  v-llant. 
This  weight  savings  was  achieved  by  utilization  of  a  sliver  resin  system  filled 
with  phenolic  microballoons. 

F.  1 .  2  Hot  Gas  Seal 

The  hot  gas  seal  is  an  asbestos-filled  styrene  butadiene  rubber  insert,  bonded 
to  the  motor  case  aft  adapter  (metal  polar  opening).  It  serves  as  the  nozzle 
approach  interface  and  allows  some  relative  motion  between  the  motor  case 
and  the  nozzle  during  pressurization.  Its  primary  function  is  to  prevent  hot 
gases  and  molten  metal  particles  (propellant  combustion  products)  from 
impinging  on  the  O-ring  seals  between  the  nozzle  and  the  motor  case.  The 
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stepped  outer  diameter  provides  a  retention  system  for  bonding  with  the 
truncated  cone,  providing  an  interference  fit  with  the  nozzle  approach  section. 

F.  2  IGNITER  LOADED  ASSEMBLY 

The  HiBEX-U  igniter  is  a  forward- mounted,  perforated  basket  containing  a 
pyrotechnic  pellet  charge.  Its  function  is  to  initiate  burning  of  the  rocket 
motor  propellant  in  a  timely,  controlled,  and  stable  manner.  Initiation  is 
accomplished  by  an  electric  squib  housed  in  a  remotely  actuated  safe-and- 
arm  assembly.  The  igniter  features  the  following: 

A.  Remote  electrical  arming  with  automatic  safing  in  event  of  power 
loss. 

B.  Firing  circuit  electrically  independent  of  arm  and  monitor  circuits; 
all  circuits  are  RF  (radio  frequency)  shielded. 

C.  Redundant  1  amp,  1  w,  no- fire  electric  squibs, 

D.  Open  firing  circuit  with  squib  leads  grounded  and  squib  discharge 
blocked  in  the  SAFE  position. 

E.  Mechanical  locking  in  the  SAFE  position  for  handling  and  storage. 

F.  2.  1  Safe-and  - Arm  Assembly 

The  safe-and-arm  assembly  (S/A)  combines  the  complete  electrical  circuit 
with  the  mechanical  squib  diversion  of  <he  igniter  and  simultaneously  serves 
as  the  motor  case  forward  closure.  Tne  dual  squ:os  are  the  only  pyrotechnics 
in  the  S/A  device. 

Application  of  the  arming  voltage  causes  the  solenoid  to  rotate  90  deg.  The 
solenoid  shaft  engages  the  driven  shaft  which  transmits  this  rotcry  motion 
through  the  base  plate  and  turns  the  blocking  rotor.  The  blocking  rotor  also 
rotates  90  deg  to  align  through- holes  ahead  of  the  squibs  and  simultaneously 
turns  the  rotary  switch  that  closes  the  firing  circuit  in  the  last  few  degrees 
of  travel. 

Only  the  firing  circuit  passes  through  the  base  plate,  as  the  arming  circuit 
and  monitoring  circuit  are  external  to  the  base  plate.  The  monitoring  circuit 
monitors  the  angular  position  of  the  solenoid  shaft,  thus  providing  a  positive 
and  electrically  isolated  indication  of  the  directly  connected  firing  switch 
and  blocking  rotor. 
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F.  2.  2  Frimary  Igniter  Assembly 

The  primary  igniter  assembly  is  a  booster  charge  for  the  squibs.  It  mounts 
on  the  barrel  section  of  the  S/A  and  indexes  to  the  squibs  through  engagement 
of  the  indexing  tongue  with  the  booster  (primer)  housing.  The  two  primers 
receive  the  squ*b  discharge  when  the  S/A  is  in  the  armed  position  upon  firing 
command.  rr'  *>e  primers  in  turn  initiate  each  end  of  a  pyrocore  loop  running 
the  length  of  the  primary  charge  basket.  Within  this  basket  are  320  grams  of 
boron  potassium  nitrate  pellets  alternately  positioned  by  styrofoam  spacers 
down  the  length  of  the  charge  basket.  A  conductive  plastic  bag  lines  the  steel 
tube  and  provides  a  moisture  barrier  for  the  pellets.  With  the  pyrocore 
initiated,  the  pellets  rapidly  ignite  and  the  resulting  gases  pass  through  the 
radial  perforations  of  the  basket  to  initiate  the  main  secondary  charge.  The 
primers  are  bonded  into  the  booster  housing  with  conductive  epoxy  (ABLEBOND) 
which  is  also  in  contact  with  the  lead  sheath  of  the  pyrocore,  providing  a  static 
discharge  path.  The  rubber  grommet  of  the  primer  is  also  conductive. 

F.  3  NOZZLE  AND  CLOSURE  ASSEMBLY 

The  HiBEX-H  nozzle  and  closure  assembly  has  been  reconfigured  for  use  in 
the  UpSTAGE  program  from  the  original  HiBEX  nozzle  design  by  the  elimina¬ 
tion  of  the  HiBEX  TVC  system  and  mounting  provisions.  The  nozzle  assembly 
less  the  closure  weights  of  74.  3  lb  is  composed  of  three  basic  components: 

(1)  an  ablative  exit  cone  liner,  (2)  an  ablative  throat  insert,  and  (3)  an  aluminum 
structural  shell. 

F.  3.  1  Exit  Cone  Liner 

The  HiBEX- U  nozzle  exit  cone  liner  has  an  overall  length  of  32.415  inches 
and  a  maximum  diameter  of  36.  604  inches.  Radial  thickness  ranges  from  a 
maximum  of  1.242  inches  at  the  forward  end  to  a  minimum  of  0.  098  inch  at 
the  aft  end. 

The  25- lb  liner  is  fabricatt  of  Fiberite  Corporation  MX-4926  carbon 
phenolic  tape  cut  on  a  45-de[  .ias.  Splice  joints  in  the  tape  are  lapsewn 
using  cotton  phenolic  tape  to  minimize  voids  and  pits  and  to  withstand  winding 
tension. 
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F.3.2  Exit  Cone  Shell 

The  loads  exerted  upon  the  HiBEX-U  nozzles  are  transmitted  through  the 
full-length  7075- T652  aluminum  exit  cone  shell.  The  exit  cone  shell  has  a 
minimum  wall  thickness  of  0.  100  inch  and  weighs  41.4  lb.  The  shell  is 
machined  from  a  die  forging  having  the  physical  properties  listed  below. 
The  exit  cone  shell  OD  is  protected  from  corrosion  by  an  Alodine  1200 
chromate  conversion  coating. 

HiBEX-U  NOZZLE  EXIT  CONE  SHELL  MINIMUM 
MECHANICAL  PROPERTIES 


Yield  Strength 

Tensile  Strength 

Elongation 

(psi) 

(psi) 

(%) 

Longitudinal 

65,  000 

75,  000 

7 

Transverse 

62,  000 

71,  000 

3 

F.  3.3  Throat  Insert 

The  HiBEX-U  nozzle  throat  insert  is  fabricated  from  molded  150-RPD 
asbestos  phenolic  and  weighs  4  lb.  This  material  has  excellent  ablative 
characteristics,  good  strength,  and  a  long  history  of  use  in  rocket  nozzles. 

The  axial  load  exerted  upon  the  throat  insert  by  internal  pressure  is  trans¬ 
mitted  into  a  0.  145- inch  wide  step  in  the  aluminum  shell.  Pressure  force 
analysis  indicates  that  this  design  bearing  load  amounts  to  46,  441)  lb,  which 
is  equivalent  to  a  design  bearing  stress  of  7,  200  psi.  The  resultant  margin 
of  safety  is  therefore  greater  than  5, 

F.  3.4  Nozzle  Closure 

The  HiBEX-U  nozzle  closure  is  a  two-piece  assembly  of  low  density  (1.9  lb/ 

3 

ft  )  expanded  polystyrene  (designated  Styrofoam  FR)  produced  by  Dow  Chemical 
Company.  The  closure  assembly  weights  1.1  lb.  Styrofoam  FR  is  blue  and  is 
considered  flame  retardant.  The  aft  face  and  outside  taper  of  the  aft  closure 
are  coated  with  a  0.015-  to  0,035- inch  thick  layer  of  Westchester  Chemical 
Company  Lagz  No.  1.  This  is  a  latex  material  having  good  resistance  to 
moisture  absorption. 
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The  minor  outside  diameter  of  the  forward  closure  is  designed  to  have  a 
nominal  0.010- inch  interference  fit  with  the  nozzle  throat.  The  aft  closure 
is  bonded  to  the  forward  closure.  This  design  feature  bypasses  the  need 
for  bonding  to  the  nozzle  which  could  result  in  nozzle  damage  during  closure 
blowout. 


F-9 


Appendix  G 

HAZARDS  EVALUATION  OF  HiBEX  LIQUID  CARRIER  PROCESS 
(This  Appendix  is  Unclassified) 


by 


R.  G.  Hunt 

Allegany  Ballistics  Laboratory 
Hercules,  Inc. 


31  December  1969 


GLOSSARY 


Impingement 


Sparkle 

Threshold  free  fall  velocity 


TiL 


ABL  2849 
ABL  2888 

Transition  Characteristics  or 
critical  height  to  explosion 


Collision  of  casting  powder  with  a 
portion  of  processing  equipment  or 
another  powder  granule. 

Burning  zirconium  particle. 

The  velocity  at  which  sparkling  of  cast¬ 
ing  powder  does  not  occur  when 
impinged. 

Threshold  initiation  level  -  defined  as 
the  level  above  which  initiation  can 
occur  as  established  by  20  consecutive 
failures  obtained  at  that  level. 

Designation  for  casting  powder 
compositions  and  manufacturing  lots. 

Defined  as  the  confined  material  height 
above  which  an  explosion  can  occur 
when  subjected  to  bottom  flame  initia¬ 
tion  produced  by  a  12  gram  bag  igniter. 


LEL 


Lower  Expos ive  Limit 
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HAZARDS  EVALUATION  OF  HiBEX  LIQUID 
CARRIER  PROCESS 


OBJECTIVE 

To  determine  the  operational  safety  margins  in  the  production  of  HiBEX 
motors  by  *Jie  liquid  carrier  process.  The  operations  analyzed  were 
(1)  casting  powder  manufacture,  (2)  casting  powder  finishing,  and  (3)  mold 
loading.. 

The  HiBEX  system  utilizes  a  high  rate  propellant  formulation.  The  casting 
powders  made  to  this  formulation  differ  from  formulations  normally  processed 
by  the  cast  double  base  manufacturing  process.  During  impact,  friction,  and 
electrostatic  testing  a  sparkling  reaction  occurs  at  a  low  level  energy  input. 
The  sparkling  reaction  and  low  level  electrostatic  energies  are  capable  of 
igniting  dust  clouds  containing  processing  residues  inherent  in  powder  handling 
techniques.  This  sparkling  reaction  was  also  found  to  occur  at  freefall  height 
necessary  to  load  the  units  with  initiation  by  impingement.  Powder  critical 
heights  were  such  that  transition  to  explosion  hazards  were  apparent  in  many 
of  the  process  steps. 

A  method  was  devised  utilizing  a  heptane  liquid  carrier  system  to  limit 
powder  particle  velocities,  reduce  potential  dust  clouds  and  reduce  the  critical 
height  problems.  While  correcting  the  major  problem  areas,  the  heptane 
carrier  process  introduced  a  new  flammable  material  to  the  system  and 
required  additional  processing  steps.  The  system  also  had  little  effect  on 
the  powder  frictional  thresholds.  The  processing  techniques  did  however 
limit  the  powder  movements  to  levels  below  the  frictional  thresholds. 

This  report  is  a  summary  of  the  hazard  analysis  of  the  operations  in  the 
liquid  carrier  process  and  a  compilation  of  the  safety  margin.  These  margins 
were  derived  from  a  comparison  of  the  in-process  potentials  expressed  in 
engineering  terms  and  the  response  of  process  material  to  these  stimuli 
expressed  in  like  engineering  terms. 
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A.  Casting  Powder  Manufacture 

The  casting  powder  for  this  program  was  manufactured  at  the  Hercules 
Incorporated /Kenvil  Plant.  The  manufacturing  phase  at  Kenvil  include  mix¬ 
ing,  extrusion,  granulation  and  packaging  the  green  powder  under  heptane. 

The  additional  steps  required  to  package  the  powder  in  heptane  is  the  only 
deviation  from  normal  production  of  high  energy  powders  and  is  the  first  use 
of  the  liquid  carrier  concept. 

1.  Mixing— Mixing  is  accomplished  with  a  Day  horizontal  blade  400  lb 
mixer  equipped  with  a  remote  ingredient  feed  system  for  the  addition  of  the 
oxidizer  and  metal  staples. 

Preproduction  safety  checks  of  the  system  included  (1)  safety  wiring  and 
potting  of  overhead  bolts  to  reduce  the  possibility  of  foreign  material  enter¬ 
ing  the  mixer.  (2)  Measurement  of  blade  clearances  between  *he  blades  and 
the  mixer  and  the  mixer  glands.  This  is  to  insure  no  metal  to  metal  friction 
can  occur  during  the  mix  cycles. 

During  mixing  an  acetone  mist  system  applies  acetone  to  the  mixer  glands 
to  prevent  dry  propellant  from  building  up  in  the  glands.  Such  a  buildup  could 
present  a  potential  source  of  initiation  through  friction.  The  glands  are  fabri¬ 
cated  from  non- metallic  material  to  further  reduce  friction  hazards. 

Transition  to  explosion  hazards  during  mixing  were  reduced  by  maintaining 
the  total  volatile  level  >  15%  during  mixing.  Transition  characteristics  were 
found  to  be  independent  of  the  alcohol/acetone  ratio  of  the  mix  solvent  within 
the  range  of  60-80%  allowing  the  original  65/25  ratio  to  be  modified  to  75/25 
to  increase  powder  quality.  The  transition  data  was  based  on  a  previous  study 
of  an  AP,  aluminum  staple  CMDB  propellant  system.  Figure  XI.  No  data  of 
this  type  is  available  on  the  actual  HiBEX  green  mix. 

The  green  mix  is  removed  from  the  mixer  by  rotating  the  bowl  90°  and  using 
the  blade  action  to  move  the  mix  into  a  powder  bin  where  it  is  bagged  and 
shipped  to  the  extrusion  area.  Residual  mix  is  removed  from  the  mixer 
manually  with  a  wooden  powder  hoe.  The  safety  margin  for  an  operator  using 
the  hoe  during  normal  operation  is  l,  200,  presenting  no  hazard. 
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Mixer  cleanup  is  accomplished  by  using  a  high  pressure  water  stream  and 
mechanical  scrapping.  The  600  psi  pressure  of  the  pump  is  insufficient  to 
cause  ignition.  The  use  of  the  metal  scrapper  could  cause  initiation  if  the 
force  is  concentrated  on  the  corner  or  by  dropping  the  implement.  It  was 
recommended  that  the  metal  scrapper  be  replaced  with  a  non- metallic 
scrapper. 

2.  Extrusion  and  Granulation— The  green  mix  is  extruded  into  strands 
for  granulation  using  a  4"  diameter  press  with  approximately  8"  of  material 
height  of  a  maximum  pressure  of  3,  000  psi.  Prior  to  use  with  explosive 
materials  the  hydraulic  ram  and  basket  assembly  were  disassembled  and 
aligned  to  insure  that  no  metal  to  metal  contact  would  occur  between  the  ram 
and  the  basket.  During  normal  operation  the  press  ram  will  build  up  a  pro¬ 
pellant  flashing  on  the  ram  exerting  frictional  pressure  equal  to  the  press 
ram  pressure  on  the  wall  of  the  basket  with  a  friction  initiation  safety  margin 
of  >2.4.  A  remote  operated  ratchet  device  has  been  installed  on  the  press 
to  remove  the  die  for  cleaning  after  the  pressing  operation  is  complete. 

The  powder  is  granulated  on  a  cutting  machine  with  a  blade  tip  velocity  of 
approximately  85  ft/sec  across  the  cutting  bar.  At  this  velocity  small  fric¬ 
tional  pressures  could  cause  initiation  during  granulation.  To  reduce  the 
friction  hazard  the  standard  metal  cutting  bar  was  replaced  with  a  non- metallic 
bar  with  alcohol  drip  and  mist  systems  providing  lubricant  and  cooling  to  the 
cutting  zone.  The  blade /bar  gap  setting  cannot  be  set  large  enough  to  exclude 
all  friction  hazards  since  this  adjustment  is  very  important  to  the  quality  of 
the  product.  For  this  reason  cutting  operations  are  a  potential  source  of  fires. 
The  product  delivery  tube  between  the  cutting  blade  and  the  collection  bag  con¬ 
tains  a  volatile  vapor  atmosphere  subject  to  ignition  from  granule  sparkles  or 
burning  in  the  cutter.  To  minimize  potential  flame  propagation  to  the  powder 
bag,  an  exhaust  system  was  added  to  the  tube  to  keep  the  vapors  below  the 
lower  explosive  limit.  A  Primax  deluge  system  with  a  light  sensitive  head  is 
located  in  the  powder  delivery  tube  should  ignition  occur.  No  more  than 
20-25  lbs  of  cut  powder  are  allowed  to  accumulate  at  one  time  at  the  cutting 
machine. 
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Figure  1  summarizes  the  process  hazard  survey  of  the  mixing,  extrusion 
and  cutting  operation  indicating  the  engineering  analysis  and  the  safety  margins. 

3.  Drum  Loading  and  Rotating— The  bags  of  cut  powder  are  hand  carried 
in  buckets  to  the  drum  loading  and  rotating  area.  To  minimize  granular  fri ;- 
tion  during  powder  har.dling  and  to  reduce  granule  clustering  the  cut  powder 
is  submerged  under  heptane  in  the  shipping  drums  within  15  minutes  after 
cutting.  Sufficient  heptane  is  added  to  the  drums  to  maintain  a  head  of  heptane 
over  the  poweder  during  shipping  to  keep  the  powder  in  the  green  state. 

The  sealed  drums  are  i stated  at  20  rpm  for  10  minutes  to  completely  wet  all 
surfaces  with  the  liquid  carrier  heptane.  The  powder  bag  movement  and 
granular  friction  stimuli  during  rotation  has  been  analyzed  with  safety  mar¬ 
gins  ranging  from  2.6  to  3,216,  Abnormal  situations  can  produce  hazards  if 
drums  fall  off  of  the  rotator  causing  excessive  friction  or  heptane  leaks  during 
rotating  producing  explosive  vapor  concentrations  in  the  area.  The  situation 
of  dropping  a  drum  would  only  result  from  careless  operation  and  the  potential 
hazard  of  heptane  vapors  is  minimized  by  the  lack  of  an  ignition  source.  If 
ignition  should  occur  in  the  heptane  immersed  powder,  critical  height  to 
explosion  data  indicates  the  material  should  not  transit  to  an  explosion.  The 
sealed  drums  are  stored  in  a  magazine  maintained  at  >  55  "F  to  keep  the 
<  1. 0%  NG  dissolved  in  the  heptane  from  precipitating  and  introducing  a  liquid 
explosive  into  the  process.  This  temperature  specification  is  maintained 
through  the  process.  Figure  2  shows  the  drum  rotating  arrangement  and  the 
appropriate  engineering  analysis  safety  margins. 

4.  Powder  Shipment-The  drums  of  casting  powder  immersed  in  heptane 
are  shipped  from  Kenvil  to  ABL  by  commercial  carrier.  The  drums  are 
placed  in  the  truck  four  abreast  with  two  bars  locked  into  the  side  of  t  nc  truck 
to  restrain  the  drums.  Each  layer  of  4  drums  is  restrained  in  the  same 
manner.  Excessive  graunular  motion  during  normal  transportation  is  reduced 
since  each  drum  contains  3-5  bags  of  powder,  rather  than  loose  bulk  powder. 
The  powder  in  the  bags  is  covered  with  a  head  of  heptane  at  all  times,  elimina¬ 
ting  drying  of  the  powder  granules.  bnormal  situations  could  arise  from 
leaking  containers  during  shipment  pr  lenting  an  explosive  vapor  hazard  in 
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TRANSITION  AND  PROPAGATION  HAZARDS 
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HOCtSS  HAZARO  SURViV  OR  MIXING,  IXTRUSION  AND  GRANULATION  OPERATIONS 
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ROTATING  OPERATION 

Conditions:  Rotation  -  20  rpm 

Surface  Telocity  -  1.65  ft/aee 

Powdar  -  3-5  bate  -  73-125  lba 

Drum  Croat  Ut.  -  **  300  lba. 

Operation:  The  loaded  drums  are  placed  onto  the 

rotator  by  hooking  onto  the  drum  In  the  upright 
poeitlon  and  then  lowering  the  rotator  Into  the 
horltontal  poeitlon.  At  thie  stage  the  drum 


resti 

i  on  two  eete  of  rollere  ready  for  rotetlon. 

PROCESS  SUTVEY 

Potential  Initiation 

Observations 

Engineering  Analvtls 

Sensitivity 

Safety 

Souice  in  the  Operation 

Combustible 

Initiation  Mode 

In-Process  Potential 

Test  Analvtls 

•  Margin 

NORMAL  OPERATION 

1.  Powder  bag  sliding  on  Che 
inside  of  the  drum  during 
rotation. 

Heptane  wet 

C.P.  reaidue 

Friction 

« 

IB. 5  pai  9  1.65  ft/aec 

16,000  psi 

9  1.63  ft/eec 

864 

2.  Sewed  corner  of  a  powder 
bag  sliding  on  the  Inside 
of  the  drum  during 
rotation 

C.P.  Residue 

Friction 

410  psi  e  1.65  ft/ sec 

16,000  psi 

9  1.63  ft/eec 

39 

3  Casting  powier  granule 
experiencing  granular  , 
friction  between  powder 
bag  end  the  dium  during 
rotation 

Heptane  wet 

green  ceeting 
powder 

Friction 

16.5  pal  9  1.65  ft/aec 

59,500  psi 

9  1.65  ft/eec 

3,216 

4.  Casting  powder  grenule 
experiencing  grenuler 
friction  between  powder  beg 
tewed  corner  end  the  drum 
during  rotetlon. 

Heptene  wet 
green  ceeting 
powder 

Friction 

23,000  pel  9  1.63 
ft/eec 

59,500  .si  9 
1.65  ft/sec 

2.6 

5.  Crenuler  friction  Inside  of 
of  the  powder  begs  during 
drum  rotation. 

Heptene  wet  . 
green  ceeting 

Granular 

Friction 

IS. 3  pel  9  3.3  ft/*ec 

t  2400  psi  9 

4  ft/eec 

129 

ABNORMAL  OPFRATIONS 
i.  Heptane  leaks  ouc  of  cht  drum 
causing  an  explosive  atmosphere 

Heptene 

Electroetatic 

Human  Soark 

Mo  voltage  accumulation 

«  2  mllll- 
loules 

Potential 

Hazard 

2,  Drum  falls  off  of  rotating 
stand 

Green  Ceeting 
Powder 

Intarnal  Impact 
end  Friction 

UndefineB 

* 

Undsflntd 

3.  Falling  drum  Impacts  caatf-g 
oowder  granules  on  the  floor 

Croen  Catting 
Powder 

Impact 

600  ft/lb/ln* 

22  ft-lb/in* 

Kona 

4.  Transition  of  teactlon  to 

Green  Ceeting 

Transition 

Container  IS"  die. 

>  24"  9  4”  die, 

>  1.2 

explosion  If  initiation  powder  in  powder  9  **  20" 

should  occur  in  the  drum  heptene 


Figurs  2.  Drum  Rotating  Oparation  (Aftar  Initial  Loading  of  Drums) 


the  truck.  Should  this  situation  be  found  when  the  truck  reaches  its 
destination  the  vapor  concentration  should  be  lowered  to  a  safe  level  pr  or  to 
moving  the  containers.  Accidents  where  the  truck  overturns  could  pre  tent 
hazardous  situation  from  excessive  movement  of  the  powder.  The  ahij  ping 
arrangement  is  shown  in  Figure  3  with  the  appropriate  hazard  analysis  data. 

B.  Casting  Powder  Finishing 

Casting  powder  manufactured  by  the  inert  carrier  process  required  certain 
portions  of  the  manufacturing  process  to  be  completed  at  ABL.  The!  e  steps 
include  powder  unloading,  powder  drying,  powder  rewetting  and  pac?  aging 
into  14  gallon  drums,  powder  shaping,  powder  screening  and  powde  blending. 

1.  Powder  Unloading  and  Drum  Rotating-The  casting  powder  irums 
received  at  ABL  are  removed  from  the  shipping  truck  by  utilizing  «  truck 
mounted  hydraulic  tailgate  as  an  elevator,  as  shown  in  Figure  4.  '  'he  indivi¬ 
dual  drums  are  removed  with  a  drum  cart.  One  operator  handles  he  cart 
and  another  stabilizes  the  drum.  Movement  is  such  that  the  bag  ai  i  granule 
movement  inside  of  the  drum  should  not  exceed  410  psi  at  1  ft/sec.  This 
relatively  gentle  motion  affords  a  safety  margin  from  39  to  145.  t  ider 
accidental  conditions  should  a  drum  drop  off  of  the  truck,  the  gram  lar  fric¬ 
tion  would  be  in  excess  of  the  threshold  sensitivity  of  the  powder. 

In  order  to  breakup  any  powder  clusters  which  may  have  formed  du  ring 
shipment,  the  drums  are  rotated  when  received.  This  operation  ca  i  be 
accomplished  with  the  same  safety  margins  of  39  to  3,  217  as  found  or  drum 
rotation  prior  to  shipping.  Additional  steps  are  required  to  lower  tie  drum 
to  a  horizontal  position  and  to  lift  the  drums  onto  the  rotator  (Figure  5). 
Normal  operation  in  these  sequences  does  ~ot  introduce  additional  hazards. 

An  abnormal  situation  where  a  strap  breaks  dropping  the  drum  could  present 
initiation  hazards  from  granular  friction.  Figure  5  includes  the  additional 
hazard  analysis  data. 

2.  Drum  Unloading  and  Drying-The  powder  as  received  at  ABL  is  still 
green  powder  containing  residual  alcohol  and  acetone*  To  be  utilized  to  manu¬ 
facture  propellant  the  powder  must  be  dried.  Removing  the  powder  from  the 
drums  is  accomplished  by  the  netup  as  shown  in  Figure  5.  An  operator  stands 
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SHIPPING  CONDITIONS 

Carrier;  Truck 
Securing  Mechanism: 

Powder  drum  are  aecured  In  the  truck  with  bar 
•  attached  to  each  aide  of  the  truck  restraining  each  row 

of  druse.  Drums  are  located  in  an  upright  position. 


PROCESS  HAZARDS 

SURVEY 

Observations 

Engineering  Analysis  Sensitivity  Safety 

Operation 

Combustible 

Initiation  Mode 

In-Frocets  Potential  Test  Analysis  Margin 

NORMAL  OPERATIONS 

1.  Granular  Friction  In 

Shipping  Containers 

Grean  Casting 
&  Heptane 

Povder 

Friction 

Ho  fraction  expected  during  normal  transportation 
due  to  settling  effect  of  bagged  powder  in  drums. 

2.  Impact  of  Povder  on  Drun- 

sldes 

Green  Casting 
Powder 

Impact 

No  Impact  due  to  powder  being  restrained  from 
moving . 

ARMORMAL  OPERATIONS 

1.  Vapor  leaking  Into  truck 

Green  Catting 
Powder  and 
Heptane 

Electrostatic 

Potential  hasard  would  depend  on  the  accumulation 
of  an  explosive  atmosphere  during  transit  time  and 
source  of  Initiation 

2.  Impact  and  friction  Inside  of 
drums  causing  Ignition  ol 
powder  In  the  case  of  an 
accident  where  the  vehicle 
overturns. 

Green  Catting 
Powder  and 
Heptane 

Impact  ted 
Friction 

Undefined 

A.  No  container  rupture 

C.P.  4  Heptane 

Transition 

ss  20"  height  9  18"  >2*"  <?  4"  die  >1.3 

diameter 

1.  Container  ruptures 

Haptens  wee 

C.P. 

Transition 

•*  20"  height  9  18"  *  14"  height  HoneN 

diameter  9  18"  die,  s _ 

Figurs  "V  Drum  Arrangamant  in  Shipping  Truck 
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Figure  6.  Drum  Rotating-(Prior  to  Unkwding  Bogi) 


PROCESS  SURVEY  OF  TRUCK 

LOADING 

Obaarvatlont 

Cntlnaarlnt  Analytic 

Sanaltivlty 

Safety 

Operation 

Combustible 

Initiation  Hoda 

In-Procass  Potential 

Teat  Analyala 

Margin 

HOWIAL  OPERATIONS 

’ 

( 

1.  Itnovlii  of  tho  powdar 
f rues  to  hydraulic  toll 
(ttt  and  oovtn|  of  druaa  to 
a  itoraia  ataa  with  a  hand 
track. 

Gran  Casting 
Powdar  and 
haptana 

Granular 

Friction 

*10  pat  9  1  ft/aee 

59.500  pal  9 

1  ft/aae 

145 

) 

Friction  fro* 
powder  kaga  on 
coating  powdar 
reatdue 

*10  pal  9  1  ft/aae 

Id. 000  pal  9 

1  ft/aae 

59 

fr»W?k.MM.,.Orr!UiTfg| 

| 

l.  Druo  dropa  off  of  truck 
<*  <0 

Groan  Caatlng 
Powder  and 
Haptana 

Granular 

Friction 

>  K  pal  9  Id  ft/aae 
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on  each  side  of  the  drum,  reaches  into  the  drum,  picks  up  a  bag  of  powder 
and  holds  it  at  the  top  of  the  drum  until  most  of  the  residual  heptane  drains 
back  into  the  drum.  The  bag  is  then  placed  on  a  perforated  tray  over  a 
grounded  heptane  collection  bin.  The  bags  continue  to  drip  through  the  tray 
into  the  bin  until  another  tray  has  filled.  The  tray  is  then  placed  in  a  drying 
rack  and  has  essentially  stopped  dripping  heptane.  The  bottom  tray  on  the 
drying  rack  is  solid  to  retain  any  residual  heptane  drippings.  Heptane 
vapors  are  within  the  explosive  range  v.'ithin  2-3"  of  the  powder  bags  during 
unloading  and  in  the  drying  racks  (Figure  6).  This  potential  hazard  is  mini¬ 
mized  by  the  absence  of  excessive  movement  of  the  powder  resulting  in  no 
detectable  voltage  accumulations.  Heptane  vapors  are  concentrated  enough 
at  the  drum  unloading  area  to  require  the  operators  to  wear  protective  mas^s 
to  prevent  toxic  effects.  This  concentration  is  limited  to  the  immediate  area 
of  the  drum  as  shown  in  Figure  6.  The  background  vapor  level  in  the  room 
was  approximately  5%  of  the  LEL  with  no  detected  dead  spots  where  vapors 
were  excessive.  The  only  explosive  vapor  concentrations  in  the  drying  bay 
during  powder  loading  were  within  2-3  inches  of  the  powder  bags.  No  per¬ 
sonnel  are  allowed  to  enter  the  dry  bay  during  the  elevated  temperature  dry¬ 
ing  operation,  preventing  human  spark  ignition  of  heptane  vapors.  Previous 
checks  on  electrostatic  buildup  during  drying  indicated  no  voltage  accumulates 
on  the  bags  from  drying  during  this  phase.  Electrostatic  voltage  checks  after 
the  cool  down  cycle  indicated  no  voltage  on  the  bags  prior  to  removal  from 
the  bay. 

3.  Powder  Rewetting  and  Packaging— The  bags  of  powder  removed  from 
the  drying  bay  must  be  rewetted  with  heptane  to  prevent  movement  of  dry 
powder,  opened  and  placed  in  containers  as  loose  granules.  The  rewetting 
operation  is  accomplished  by  depositing  the  entire  tray  containing  2  powder 
bags  into  a  heptane  bath  with  no  physical  movement  of  the  granules  until  they 
are  heptane  wet.  When  the  bags  are  completely  wet,  the  tie  string  is  cut 
with  an  exacto  knife  with  no  contact  between  the  blade  and  the  casting  powder. 
The  powder,  covered  with  heptane  is  poured  into  a  grounded  drum  containing 
sufficient  heptane  to  cover  the  powder.  Free  powder  drop  heights  do  not 
exceed  12"  with  a  safety  margin  of  5.  Explosive  vapor  concentrations  are 
located  in  the  receiving  pot  and  the  rewetting  heptane  tray.  No  electrostatic 
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voltage  accumulations  were  present  in  the  operation  minimizing  the  potential 
vapor  hazards.  No  physical  movement  of  the  powder  was  made  until  the 
powder  was  heptane  wet.  Figure  6  includes  the  in-process  data  on  the 
rewetting  operation. 

4.  Powder  Shaping— Powder  shaping  and  blending  is  accomplished  in  a 
"sweetie"  barrel  in  approximately  1,  000  lb  lots.  The  barrel  is  precharged 
with  sufficient  heptane  is  maintain  a  heptane  head  on  the  powder  bulk  as  the 
individual  powder  containers  are  dumped  into  the  barrel.  Powder  shaping 

is  accomplished  by  the  intragranular  action  as  the  barrel  turns.  The  finished 
product  is  removed  from  the  barrel  and  repackaged  in  the  handling  containers 
by  the  use  of  an  "elephant  trunk"  system.  The  "elephant  trunk"  is  a  flexible 
duct  leading  from  an  ABL  designed  fail  safe  pinch  valve.  The  duct  is  placed 
in  the  receiving  contai  ter  with  a  set  distance  between  the  bottom  of  the  con¬ 
tainer  and  the  duct  outlet.  When  the  valve  is  opened  50  lbs  of  powder  flows 
into  the  receiving  pot,  while  the  head  of  powder  outside  the  trunk  stops  the 
flow.  The  valve  is  then  closed  and  the  receiving  drum  is  removed,  sealed  and 
a  clean  drum  put  in  its  place.  This  is  repeated  until  the  powder  is  completely 
removed.  The  loading,  operating,  and  unloading  phases  of  the  shaping  and 
blending  operation  have  sufficient  safety  margins  ranging  from  2  to  23  as 
shown  in  Figure  7. 

5.  Powder  Screening— Powder  screening  is  accomplished  with  a  Sweco  30" 
screener  with  heptane  circulating  through  the  system  to  prevent  powder  dust 
buildup.  The  powder  is  introduced  into  the  screener  with  a  special  arrange- 
men'  consisting  of  a  drum  turning  apparatus  and  dump  valve.  Using  this 
arrargement  the  powder  can  be  introduced  remotely  with  heptane  flowing 
through  the  screener.  The  screened  powder  automatically  separates  into  a 
container  ready  to  be  resealed.  Clusters  and  fine  material  are  separated  into 
containers,  which  are  sent  to  the  scrap  disposal  area  heptane  wet.  Instrumen¬ 
ted  measurements  of  the  acceleration  during  vibration  and  calculations  of 
particle  velocities  have  established  adequate  safety  margins  for  this  operation 
during  normal  operating  conditions  (2.  0  to  83,  000).  Abnormal  situations 
where  a  foreign  object  enters  the  screener  could  create  a  hazard  from  friction.. 
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Screener  cleanup  requires  flushing  the  inside  surfaces  of  the  screener  with 
water  to  remove  residual  casting  powder  fines  prior  to  removing  the  section 
restraining  bands. 

Figure  8  shows  the  screener  operation  and  the  safety  margins  during 
operation. 

C.  ’•  ’d  Loading 

Mold  loading,  via  the  liquid  carrier  system,  limits  the  powder  particle 
velocities  to  a  safe  level.  The  process  steps  are,  (1)  filling  the  main  hopper 
with  powder  from  the  smaller  14  gallon  transporter  cans,  (2)  mold  loading, 

(3)  mold  transportation,  and  (4)  mold  unloading.  These  steps  can  be  accom¬ 
plished  safely  by  this  system  with  safety  margins  for  normal  operating  con¬ 
ditions  between  2  and  1,  562. 

1.  Powder  Dumping  into  Hopper s— Powder  is  received  in  the  mold 
loading  area  in  14  gal  drums  containing  50  lb  of  powder  and  3  gallons  of 
Heptane.  These  drums  are  emptied  into  a  single  hopper  for  mold  loading. 

The  powder  dumper  arrangement  used  to  empty  the  drums  operates  with 
sufficient  margins  of  safety  (of  2  to  1,  562)  and  does  not  introduce  any  granular 
friction  problems.  Freefall  drop  height  from  the  dumper  to  the  bottom  of  the 
hopper  does  not  exceed  the  5'  freefall  limitation.  This  safety  margin  is 
increased  by  maintaining  a  head  of  1  iptane  over  the  powder  in  the  hopper. 
Critical  height  to  explosion  data  indicates  that  the  powder  in  the  14  gallon 
drum  or  in  the  hopper  should  not  transit  to  an  explosive  reaction  if  ignition 
should  occur.  Figure  9  shows  hopper  loading  setup. 

2.  Powder  Mold  Filling— The  height  of  the  HiBEX  unit  is  in  excess  of 
the  freefall  impingement  threshold  level.  This  was  one  of  the  reasons  for 
introducing  the  liquid  carrier  system.  Mold  loading  by  the  liquid  carrier 
process  reduces  the  powder  particle  velocities  to  1.4  ft/sec,  considerably 
below  the  17.  5  ft/sec  threshold  level.  Hazardous  dust  clouds  are  also  elim¬ 
inated  during  the  loading  since  casting  powder  residue  will  be  suspended  in  the 
liquid  media.  Electrostatic  voltages  are  not  generated  at  the  particle  veloci¬ 
ties  of  the  loaded  powder  as  indicated  by  in-process  measurement  of  less 


G-15 


faKitn*  mimi 

Xm  *4  «■  g  i  m4  HwfifUl 

imttina  t*ti 

tew 

SBttk 

Irailll  If  i<  t Lm  Cm 

v»l) 

U  lltllfl  MtlM  »f 
iftfiHr 

lUMiiAifM'i 

•I4|I4  4444414 

C  4*1  »  4  ft/aac 

>700  44I/4  ft/aaa 

4M 

t  pi  CU4I44 

0441444  Hat) 

II  44I  t  4  It/aaa 

1700  tat/*  ft/aaa 

140 

• 

Of 44m It /Natal 

Ola,  la  tmala 

*  4a 1  •  *  ft/444 

11,000  44I  •  4  ft/aaa 

MW 

*  fa  Claatar 

00) 

II  44t  •  4  fl/aat 

11,000  pi  •  4  ft/aaa 

1,44ft 

flrttiila  4  Ontt/Natal 
lla|li  Ciak'i 

•  pl|i  ft/aaa 

1,440  aat  0.4  ft/aaa 

404 

4  p  Claafai  _ 

II  |tl  f  4  ft/aaa 

1,440  4a!  f  4  ft/aai 

14) 

•n«ili>  frlattaa  at 

■  Mf  •(  HH4HI 

0441444  Mat) 

traaala/Craaala 
llacla  OtMala 

,M  44I  •  4  ft/aaa 

1,700  cat  •  4  ft/aaa 

4,000 

4  *a  Claatar 
(*44(444  Wat) 

l.t  44I  #  4  ft/aaa 

1,700  aat  •  4  ft/aaa 

1,4)1 

fltatalt/Natal 
lla*Ia  Oraanla 

,M  aat  9  4  ft/aaa 

11,090  aat  9  4  ft/aaa 

•1,100 

4  pi  ClMtat 
#i»l 

1.,*  44l  •  *  ft/iaa 

11,000  aat  9  1  ft/aaa 

1),I5I 

■  H  4t  1  •  *  ft/aaa 

1,440  aat  *  4  fl/ati 

11,11) 

4  (a  ClMtat 

l.l  fat  «  4  It/144 

1,440  fat  *  »  ft/tat 

1,414 

liMln  laalaolao  m 

IM  MfMMI  *14* 

l44l444444t 

PI  OtaCTa  ClMtat 

4.1  fl/aat 

17.1  ft/aaa 

4.)) 

UlMU 

HftM  jlllM  Mll| 

4  p  ClMtat 

frlat 144 

U.  Ml  14m  044) 

4.*  ft/lM 

4.0  ft/aa*  (ail.) 

K.tO 

1*  miiih4  im  af 

14, Ml  44I  •  4  ft/iM 

9,000  aat  9  4  ft/taa 

Mf 44441  M| 

C.f.  Wafatt  00) 

14, Ml  pi  •  4  ft/aaa 

10,000  aal  9  4  ft/aaa 

1.14 

TT444III44  14 

Cittlaal 

M/Ma 

M/Ma 

V» 

*44)44144 

M/Ma. 

l"/M* 

14-/4- 

laitrl 

G-18 


Figure  8.  Hazard*  Analyii*  of  tha  Saraaniog  Oparating 


Figure  8.  Hazards  Analysis  of  the  Screening  Operating  (Continued) 
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than  300  volts  accumulated  during  mold  loading  operations.  The  ABL  designed 
fail  safe  pinch  valves  have  been  tested  extensively  to  insure  that  the  opening 
and  closing  of  the  valve  does  not  present  a  hazard.  Safety  margins  have  been 
established  for  this  operation  ranging  from  2  to  1,  562.  A  potential  hazard 
exists  if  the  rubber  boot  in  the  valve  should  fail  releasing  the  powder  and 
heptane  in  the  hopper.  The  new  type  neoprene  NE-604  elastomer  body  was 
subjected  to  a  contamination  and  endurance  test  to  provide  assurance  that  the 
valve  would  not  fail. 

Vibration  is  used  on  the  14  gallon  handling  drums,  the  casting  powder  hopper 
and  the  mold  during  mold  loading  operations.  Potential  granule  motion  levels 
are  below  that  required  to  cause  initiation.  Safety  factors  for  the  vibrations 
exist  from  62  to  122.  Temperatures  were  nr  onitored  as  suspected  sources 
of  friction  heating  during  the  mold  vibration  resulting  in  only  10°  above  ambi¬ 
ent  being  detected.  Figure  9  shows  the  powder  loading  setup. 

3.  Powder  Unloading— A  powder  unloading  technique  was  developed  to 
remove  the  powder  from  the  mold  in  the  event  that  poor  loading  efficiency  or 

other  unacceptable  condition  occurred.  The  system  in  effect  reverses  the 

✓ 

mold  loading  technique  and  allows  for  the  powder  to  be  cast  back  into  the 

«• 

1,  500  lb  hopper  without  free  fall  problems.  Due  to  the  inert  carrier  technique, 
a  few  granules  adhered  to  the  mold  and  fell  after  the  unit  was  removed  from 
the  hopper  during  dummy  powder  tests.  The  drop  height  of  these  particles 
could  exceed  the  5  ft  Til  height,  due  to  the  length  of  the  motor  case.  This 
problem  is  however  minimized  by  the  fact  that  only  s  2  lb  of  powder  remain 
in  the  unit  with  water  or  heptane  to  remove  these  particles  prior  to  disassem¬ 
bling  the  mold.  Figure  9  shows  the  unloading  setup.  Included  in  Figure  9 
in  a  process  hazards  survey  of  the  mold  loading  and  unloading  phases. 

Heptane  Handling 

Special  procedures  have  been  adopted  for  heptane  loading  and  unloading  of 
the  units  and  hoppers  used  during  the  process.  A  3,  000  lb  grounded  desiccator 
is  used  as  a  supply  source  of  heptane  during  loading  of  the  units  and  during 
draining  operations.  A  nitrogen  atmosphere  (<  8%  O^)  is  maintained  in  the 
desiccator  and  the  receiving  containers  during  loading  and  unloading  of  the 
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units  to  reduce  explosive  atmospheres.  A  Coppus  blower  is  used  to  remove 
the  escaping  vapors  during  heptane  handling.  Nitrogen  is  again  introduced 
into  the  hoppers  and  the  units  when  the  heptane  is  removed  after  loading. 
Figure  10  shows  the  major  heptane  handling  areas  and  indicates  that  at  all 
times  the  heptane  receiver  and  supply  vessels  are  always  blanketed  with 
nitrogen,  and  that  adequate  ventilation  exists  in  the  various  areas. 

Material  Sensitivity 

The  transition  characteristics  of  the  2849  casting  powder  has  been  determined 
by  defining  the  critical  height  to  explosion  with  and  without  heptane  and  by 
extending  the  data  to  the  diameters  fround  in  the  process.  Figure  11  shows 
these  data  for  dry  and  heptane  immersed  conditions.  The  transition  of  the 
green  mix  was  analyzed  by  a  comparison  with  the  data  established  for  a 
pe  rchlorated,  aluminum  staple,  CMDB  formulation,  ABL  2888,  Figure  12, 
as  a  function  of  volatile  solvent  level.  No  data  was  available  similar  to  this 
for  2849  casting  powder. 

Impact,  friction  and  electrostatic  values  of  the  materials  are  summarized  in 
Table  I  in  engineering  terms.  This  information  will  be  extended  by  obtaining 
data  on  the  new  powder  being  processed  as  samples  become  available. 

CONCLUSIONS  AND  RECOMMENDATIONS 

Two  potentially  hazardous  areas  exist  in  the  green  powder  processing 
operations  which  are  not  part  of  the  liquid  carrier  systems  but  are  part  of 
the  casting  powder  manufacturing  process.  They  are  (l)  a  transition  to 
explosion  hazard  in  the  press  during  extrusion  and  (2)  fire  hazard  due  to 
friction  in  the  cutting  operation. 
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ADDITION  OF  FRESH  HEPTANE  TO  DESICCATOR 


FILLING  HOPPER  WITH  HEPTANE 
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CONTAINER  DIAMETER  (INCHES) 


Table  I 


SENSITIVITY  THRESHOLD  CHARACTERISTICS  OF 
FDN  CASTING  POWDER 


Friction 

A.  2849.  Green  Mix 
T.  Steel/Steel 

B.  Green  Casting  Powder 
H  Steel/Steel 

2 .  Granule  /  Granule 

C.  Dry  Casting  Powder 
TT  Granule /Granule 

2.  Granule /Granule 

3.  Granule /Brass 
with  Dust 

4.  Steel/Steel  (psi/fps) 
Impact 

A.  Green  Mix 

B.  Green  Casting  Powder  -  Wet 

C.  Dry  Casting  Powder  -  Dry 

-  Wet 

Electrostatic  Discharge 

A.  Green  Mix 

B.  Dry  Casting  Powder 

Scrcener  Residue 
(Run  keptane  Wet) 

A.  2849  C.  P.  Fines 


B.  2849  C.  P.  Sludge 

C.  2849  C,  P.  Wafers 


Dry  Wet 

(psi/ft/sec)  (psi/ft/sec) 

7,000/8 

51,  000/8  ft/sec 
103,  000/6  ft/sec 
-  *  Undefined 


70/9 

630/5 

2,700/4 

<  700/8 
<700/6 

2,  700/4 

<7'“  '8 

2,  700/6 

6,  150/5 

<  700/13 
8,400/8 
25,  000/6 

m  m  m 

>10,  000/8 
>10,  000/6 

l,  500/8 

10,  000/8 

(ft- lb /in2) 

(ft-  lb/sec- in2) 

19.5 

56,  000 

19.5 

56,  000 

16 

39 

44,  720 
110,  000 

Joules 

<0.  001 

0.0016 

Impact 
(ft- lb /in2) 

Friction 

(psi/ft/sec) 

1.0 

<2,  000/8 
<2,  000/6 
2,000/5 
10,  000/4 

46 

2,  500/8 

8.5 

36,  500/8 

0-24 


These  problems  are  inherent  to  the  operation  and  are  not  related  to  the 
hazards  of  the  liquid  carrier  system. 

Granular  movement  and  dust  clouds  have  been  reduced  to  a  safe  level  by 
the  liquid  carrier  principal  and  transition  to  explosion  hazards  have  been 
reduced. 


EXPERIMENTAL 

Standard  impact,  friction,  electrostatic  discharge,  freefall,  impingement, 
and  critical  height  to  explosion  tests  were  conducted  to  derive  the  required 
sensitivity  data. 
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